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Our unique, large scale, dynamic 
Time of Use tariff trial has 
demonstrated that residential 
customers are keen to engage and 
actively participate in modifying 
their electricity consumption, which 
has helped quantify the level of 
response achievable by such tariffs, 
and has provided insight on the 
potential network benefits of having 
suppliers deploy such tariffs. 
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Executive Summary
The introduction of smart meters 
facilitates Time of Use pricing, but to 
date such initiatives in GB have been 
driven by wholesale price benefits

Many of the benefits expected as a result of the mandated roll out of smart 
metering across Great Britain (GB) are linked to Time of Use (ToU) pricing, which 
will be facilitated by the more granular meter readings possible with a smart 
meter, and the visibility provided by an accompanying In-Home Display (IHD) 
connected to the meter. A wide range of ToU trials have taken place, both in GB 
and internationally, which demonstrate that demand can be reduced in higher 
priced periods under ToU pricing. The potential to reduce peak demand and shift 
load using ToU pricing has potential benefits for stakeholders across the value 
chain. However, most ToU tariff initiatives in GB have, to date, been led by energy 
suppliers, and based on potential wholesale cost savings rather than on the 
potential network benefits.

ToU initiatives in GB have been 
focused on static tariffs; this project 
is the first time a large scale dynamic 
ToU domestic tariff has been tested 
in GB

Most studies of ToU tariffs in GB have looked at the response of customers to static 
Time of Use (sToU) tariffs, i.e. tariffs where the price varies by time of day, but 
where the time periods and price differentials are fixed. However, there are also 
many types of Dynamic Time of Use (dToU) tariffs, where a high price signal might 
be targeted to a limited number of more extreme critical peak events (e.g. Critical 
Peak Pricing (CPP) tariffs. The tariff tested through the Low Carbon London (LCL) 
trial was a dToU tariff with three price levels (high, default, and low). Customers 
were informed of price events at the day-ahead stage, rather than peak periods 
being fixed according to a generic schedule.
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While studies to date have been 
supplier-centric, there are potential 
benefits to the DNO of ToU tariffs

As mentioned above, ToU trials to date have mostly been led by energy suppliers. 
The focus has therefore been on the supplier benefits of ToU tariffs, such as 
reduced wholesale costs, as suppliers are not exposed to any time-of-day pricing 
in Distribution Use of System (DUoS) charges. However, there are also potential 
benefits for the DNO as the response of customers to a dToU tariff can be relied 
upon to provide Demand Side Response (DSR).

If a dToU response were effective, reliable, and sufficient, it could potentially 
be used to defer the need to carry out reinforcement works on the distribution 
network. A response could also be used to help manage any capacity shortfalls 
in a particular network area. Customers on dynamic ToU tariffs might provide a 
response during a network outage. For example, if there is a capacity shortfall 
ahead of scheduled reinforcement works. The tariff tested through the Low Carbon 
London trial was the first to be designed to evaluate the benefits to both suppliers 
and the DNO.

There are challenges in realising DNO 
benefits from wholesale price-driven 
ToU initiatives

ToU tariffs rolled out by suppliers are likely to target either "traditional" peak hours 
through a sToU tariff, or to be focused on periods with high wholesale prices. 
However, the peak hours that a DNO would benefit from being targeted vary by 
network location. Where the hours targeted coincide with the network peak then 
the network peak could be reduced. However, this does depend on high uptake of 
tariffs with a consistent specification across multiple suppliers.

The analysis performed suggests that the potential to reduce demand using 
wholesale price-driven dToU tariffs is less than the sToU tariff, because the drivers 
of local network peaks are often not coincident with the drivers of peak wholesale 
power prices at a national level. A tariff targeting the top 5% of wholesale prices 
is shown to have the potential to reduce peak load at only 4 substations out of a 
sample of 19. Ideally, the DNO would require high prices to be targeted at periods 
when local network peaks occur, and only at substations that have no spare 
capacity.

The analysis presented in this report 
considers two potential commercial 
models for ToU initiatives driven by 
network benefits

For DNOs to realise network benefits through ToU tariffs, high price signals would 
need to be focused on periods of local peak load. Such a signal would need to be 
controlled by DNOs. There are two options for how this could be implemented.

The first option is the introduction of a dToU DUoS charges. In constrained network 
areas DNOs would focus variable DUoS charges on peak load hours to encourage 
load shifting. Under this option energy suppliers would need to be subject to a 
mandate to pass through these price signals to individual customers.

The second option would be for DNOs to enter into commercial arrangements with 
energy suppliers for them to recruit customers onto a targeted ToU tariff targeted 
at a particular network constraint. In this case customer uptake would be voluntary. 
During the LCL trials the uptake achieved was 24%. This suggests that the response 
would only be 24% of that achieved if uptake of a ToU signal were to be mandated. 
It should be noted that this approach would still require the DNO to coordinate 
tariff programmes across all of the suppliers with customers in that network area. 
The tariff would be administered by the customer’s energy supplier, but the timing 
of dToU price events would be controlled by the DNO.

In theory the DNO might be just one of a number of market participants that call 
upon the same dynamic tariff to provide a response. While this would be complex 
to implement in practice, the benefit of this approach would be that the costs of 
implementation would be funded by a larger pool of benefits.
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The dToU tariff trials for Low Carbon 
London were designed to indicate 
the demand response from domestic 
customers resulting from a change 
in price

The dToU tariff evaluated through the LCL trial included two types of price event. 
Constraint Management (CM) events are the focus of this study as they are most 
relevant to DNOs. CM events include a high price surrounded by two low price 
periods to maximise the price differential that the customer is exposed to, aiming 
to simulate the high level of response that a DNO would seek during a high load 
period. The trial also included a number of ”wind twinning” events seeking to 
incentivise demand to follow supply (Supply Following (SF) events). These events 
included single high or low price events with a range of durations. The events 
are intended to evaluate the response available from customers as the output 
from intermittent generation fluctuates, and are most relevant to energy suppliers 
seeking to match their contracts with generators with customer demand.

Customers appear to be keen to 
participate in Time of Use tariffs

Customers gave positive feedback on the trial. Imperial College’s survey-based 
research of the participants demonstrated very high levels of acceptance, even 
for relatively small levels of monetary saving per household. A total of 91% of 
respondents either agreed or strongly agreed that dToU tariffs should be offered 
to everyone.

The trial results suggest that on 
average dToU customers provided 
a response of c. 50 W, and that the 
best responders provided a response 
of three times this size

Detailed analysis performed by Imperial College London on the response from 
dToU customers to CM events during the trial found that the average response 
provided was c. 50 W per household. The analysis also ranked customers according 
to their responsiveness, taking into account the likelihood that a customer’s 
response was deliberate, rather than a coincidence. This analysis found that the top 
25% of responders provided a much better response, of just over 150 W each. The 
load of the best responders was also lower, suggesting that this subset of the trial 
population was more aware of controlling their energy consumption regardless of 
the ToU tariff. The results of a qualitative survey that trial participants were asked 
to respond to suggested that customers found it easiest to shift load from wet 
appliances (e.g. washing machines etc.) in response to price changes.

Network planning decisions cannot simply be based on the average response 
achieved during the trial, in the same way that the security of supply contribution 
from a distributed generator cannot be based on an average load factor of that 
generator. Imperial College London has also evaluated the security of supply 
contribution made by the dToU tariff for each CM event during the trial. The average 
response during the trial, and assumed in this analysis, was 56 W per household 
during winter months, and 34 W per household during the spring months.
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However, costs incurred in running 
the trial were high, amounting to 
c. £350/customer, or £207/customer 
once incentives are discounted

EDF Energy, which administered this trial for Low Carbon London, incurred 
significant costs, estimated at around £350/customer, in implementing the dToU 
tariff. Roughly two thirds of these costs would only be incurred in the first year 
of a tariff being applied, with the remaining third of costs applying annually on 
an ongoing basis. These costs were primarily associated with recruitment, cash 
incentives, and handling additional customer queries. 

Recruitment costs might need to be considered by DNOs if they were to engage 
directly with suppliers to recruit consumers onto network benefit-driven tariffs. 
They would not need to be considered by the DNO if a dToU signal were to be 
implemented through DUoS or if the DNO were simply benefiting from peak 
load reductions that are consequential to suppliers’ own ToU initiatives. Any dToU 
DUoS signal would need to be accompanied by a licence obligation on suppliers 
mandating them to pass such a signal through to individual consumers, rather than 
simply spreading the cost across all their customers.

Incentives of c. £143/customer, at least at the level offered for the trial, are unlikely 
to be an ongoing feature of Business as Usual (BaU) ToU tariffs and so have not 
been included in our cost-benefit analysis. However, any reduction in incentives 
may result in a corresponding increase in recruitment costs as uptake for the 
tariff may fall from the trial rate of 24%. The overall level of costs incurred might 
fall as ToU tariffs become more established, but it is still likely that DNO requests 
for suppliers to recruit ToU customers in targeted network areas would remain 
expensive when compared to the amount a DNO would be willing to pay, set by 
typical £/MVA reinforcement costs.

Cost-benefit analysis has been 
performed to evaluate the potential 
for a dToU tariff in case study areas, 
showing that a mandated ToU price 
signal would be required to achieve 
a sufficient response to realise 
network benefits

Analysis is presented in this report that uses the findings from the trials to evaluate 
the net benefit of using ToU tariffs at specific primary substations in the London 
Power Network (LPN) licence area where response might be of value during ED1 
and ED2. Case study areas are chosen using the list of DSR projects proposed in the 
UK Power Networks RIIO-ED1 business plan.

This case study analysis suggests that the response at a primary substation level 
would be very small unless participation were mandated across all customers. If a 
dToU tariff were used to target the deferral of a reinforcement scheme voluntary 
uptake would probably not allow for any deferral in most cases due to the lower 
capacity response provided by the smaller volume of customers participating. 

Case study analysis suggests that 
£25/customer of benefits might 
be available through deferring 
reinforcement using dToU price signals 
at some substations, before the full 
costs of implementing such a tariff are 
taken into account

The case study analysis presented in the report shows that the mandated 
pass-through to consumers of a ToU price signal could be effective in deferring 
reinforcement. The net benefit of deferring reinforcement, before any recruitment 
costs or changes to settlement and billing systems are taken into account, is £25/
customer. This benefit is only available when a ToU DUoS charge is mandated 
because the response with a voluntary uptake would provide insufficient response 
to defer reinforcement.

However, £25/customer would need to cover any costs to update DUoS and 
supplier settlement systems, which are not taken into account in this assessment. 
While the costs that would be incurred on system changes are uncertain the 
total is likely to be multiple £m for most affected DNOs and suppliers. For there 
to be a compelling business case for network benefit-driven dToU tariffs in this 
context this would therefore require other players in the energy market such as 
energy suppliers, the GB System Operator (National Grid), and demand response 
providers to find complementary business cases that can share the standing costs 
of engaging with customers and keeping them engaged.
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Under existing market arrangements 
the network benefits that can be 
realised by GB DNOs as ToU tariffs are 
rolled out are likely to be minimal

In theory, the use of ToU tariffs to shift load from peak to off-peak periods 
could yield benefits both in reducing suppliers’ exposure to wholesale costs 
and in reducing network investment costs for DNOs. This report concludes that 
in practice there are many challenges in realising the network benefits that have 
been identified as being theoretically available under ToU tariffs. It is difficult 
to realise network benefits as a consequence of ToU tariffs being introduced by 
energy suppliers, because the requirements of DNOs are quite specific and vary 
according to the specific load characteristics and spare capacity availability in a 
given network area. Static ToU tariffs could in theory achieve a peak reduction at 
some substations, but the timeslices that would need to be targeted to achieve 
such a peak reduction may vary across the network. Further, achieving a peak 
reduction would depend on (a) ToU tariffs across a number of suppliers 
targeting the same timeslice in that network area; and (b) a high uptake 
rate being achieved.

Further, the case study analysis presented in this report shows that while a 
network benefit-driven dToU could be used to realise network benefits in some 
cases, such as deferring reinforcement or improving outage management, the 
benefits are unlikely to outweigh the costs of implementation. There are also 
likely to be significant practical challenges in a DNO focused approach, such as 
managing customer expectations if their network area was targeted with a 
dToU tariff, and making changes to industry processes to allow for half-hourly 
DUoS charging.

In future, the business case for DNO applications of dynamic ToU tariffs might be 
revisited, if at least some of the following criteria were met:

 � Uptake of dToU tariffs is close to 100%, and these customers are willing to sign 
up to dToU tariff specifications that meet DNO needs;

 � Regulation allows for cross-supplier coordination of DNO ToU price events;

 � In-home automation leads to higher levels of response – this could increase 
viability with a lower uptake;

 � Other stakeholders (e.g. the SO) are also able to apply ToU price signals through 
the tariff and customers are receptive to a higher number of high price events to 
accommodate multiple stakeholders; and

 � Suppliers already have dToU-ready billing systems in place such that the 
incremental costs to suppliers of administering such a tariff were negligible.
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Introduction

1

1.1 The relevance of Time of Use tariffs to Distribution Network Operators
Time of Use (ToU) tariffs are often put forward as one of the most important innovations to be facilitated by the mandatory roll 
out of smart metering to the majority of domestic premises in the UK by 2020. Smart metering will mean that it is possible to 
measure customers’ use of energy on a more granular basis (e.g. half-hourly), which in turn will allow energy suppliers to offer 
tariffs where the price varies over the course of the day. Static ToU (sToU) tariffs apply the same price to pre-defined time-
slices, for example applying one price to peak hours, and another lower price to off-peak and weekend hours. Alternatively, 
dynamic ToU (dToU) tariffs will apply a less predictable, but perhaps stronger, signal to customers in response to a specific 
need. For example, a high tariff price might be charged during a period when the supply margin is expected to be particularly 
tight so that an energy supplier can reduce its exposure to high wholesale prices, which also helps to alleviate the supply 
margin constraint.

The benefits of ToU tariffs most commonly cited are those that accumulate to suppliers and customers. Tariffs set to encourage 
customers to shift load from peak (high price) periods to off-peak (lower price) periods can lead to a reduction in wholesale 
costs for the energy supplier (although this can depend on the approach to settlement, which is discussed later) and a 
consequential reduction in electricity bills paid by end customers.

In essence ToU tariffs offer the mechanism by which domestic customers provide Demand Side Response (DSR) to the system. 
As well as the potential benefits to suppliers, customer responses to ToU tariffs in the form of reduced peak demand could 
be leveraged by DNOs to mitigate the impact of network capacity constraints, and potentially to defer the need for network 
reinforcement. Given the wide variation in network topology, the benefits to DNOs will depend on uptake rates to ToU tariffs in 
different locations, and how much response can be relied upon from a given tariff design for specific DNO requirements. It is 
the potential for DNOs to make use of ToU tariffs (and specifically a dToU signal) that is the focus of this report.
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1.2 Objectives of this document
This report aims to answer the following questions:

 � Can ToU tariffs, and dToU tariffs in particular, offer benefits to the DNO?

 � If so, in what situations should the DNO deploy such tariffs, and what value is generated by their use?

 � How should such tariffs be deployed and what level of customer uptake is required?

 � How would such tariffs be implemented to ensure that the customer response meets the needs of the DNO?

1.3 Document structure
The report has the following sections:

 � Chapter 2 presents some context on ToU tariffs and identifies the key differences of dToU tariffs;

 � Chapter 3 presents an overview of the achievements of previous ToU tariff trials in terms of demand shifting;

 � Chapter 4 describes the unique trial design for the LCL ToU tariff, which was the first of its kind in GB, and presents key 
findings from the trial;

 � Chapter 5 presents detailed Cost Benefit Analysis (CBA) for the DNO, notwithstanding other parties who may make additional 
companion business cases; and

 � Chapter 6 concludes the report with our key recommendations, drawn from the LCL trial findings and the CBA.
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Time of Use tariffs and the 
implications for DNOs

2

This Chapter presents an overview of ToU tariffs in today’s electricity markets, and explains how tariffs that are focused on 
realising network benefits might be similar or might differ from those ToU tariffs. In particular it explores both the benefits that 
can be realised through using different types of ToU tariffs and the market structure and commercial arrangements required to 
support them.

2.1 Types of Time of Use tariff
ToU pricing itself is not a new concept in the GB market. Two examples of where ToU pricing is already commonly used today 
include Economy 7 tariffs and time of day Distribution Use of System (DUoS) pricing for Half-Hourly (HH) metered customers. 
HH customers might also enter into supply agreements whereby they pay a different price for the energy they use according 
to the time of day, reflecting for example peak/off-peak pricing in the underlying wholesale market. However, the introduction 
of advanced metering for Small and Medium Enterprises (SME) customers and smart metering for domestic customers should 
enable ToU pricing to become both more widespread and also more targeted. Smart and advanced meters allow for non-Half-
Hourly (NHH) customers to be billed on a more granular basis – removing the need for meters with multiple registers (i.e. 
different meters that are activated at different times of the day, as with Economy 7) to support ToU tariffs. Smart meters will 
also allow suppliers to send price information to customers at shorter notice (up to real-time), meaning that the customer could 
be subject to more dynamic pricing, leading to the potential for dToU tariffs.
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There are three variables that can be used to define a ToU tariff, as illustrated by Figure 1:

 � Time of day – Prices can vary by time of day so that, for example, the customer is subject to a higher price during peak 
periods. This is already possible, and already happening, today, but the potential uptake of such tariffs will be larger as a result 
of smart metering. Smart meters also remove the need for time of day price patterns to be static i.e. to repeat according to a 
pre-agreed timetable;

 � Day of the year – Prices can also vary by day. This again can already happen, but similarly smart meters widen the audience 
and allow for the price changes to be more dynamic; and

 � Location –Smart metering could act as a vehicle for a more visible and transparent ToU price signal to be focused on specific 
locations, for example with the aim of addressing a specific network constraint.

Figure 1: Schematic representation of the variables used to define a ToU tariff

Day of the year
(365 slots)

Time of day
(48 half-hours of interest)

Location 
(e.g. by primary substation)

There are a number of different types of ToU tariff, which are summarised in Table 1. The table lists some of the types of 
ToU tariff used to date, naming examples where the tariff type has been applied previously. It is notable that many of the 
dynamic tariff examples are from the US, where smart-enabled tariffs are common in a number of regions. It is also notable 
that in these examples, the tariff does not generally vary by network location (at least not to target specific network 
constraints) as the proposition tends to be supplier-led, even in the US where the supplier is often integrated with a regional 
distribution company.

The consequence of the unbundled market in GB is that, in Figure 1, DNOs will be looking for a response at particular locations, 
on particular days of the year, and during particular hours of the day (i.e. targeting specific parts of the cube in the figure). 
Conversely, entities such as the System Operator are likely to be less dependent on location and so their requirement may be 
for a tariff that targets an entire slice through the cube in the figure. There may be some periods where the DNO benefits from 
ToU tariffs led by other market participants; this is analysed quantitatively in Section 2.2.2.
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Table 1:  Summary of example ToU price signals

Tariff type Description Requires 
smart 

metering?

Existing 
example

Variables used to define tariff

Static Time of Use (sToU) price signals

Economy 7 / 
Economy 10

Common ToU tariff for 
Non-Half-Hourly metered 
customers with 7 or 10 
hours during the night being 
charged at a lower rate

 Any Economy 7 / 
Economy 10 tariff

 � Time of day – Lower tariff for 7 or 10 night-
time hours, which are the same each day. 
Radio tele-switching is often used to switch 
between peak and off-peak meter registers;

 � Day of the year – The tariff does not vary by 
day of the week or by time of year; and

 � Location – The times at which the off-peak 
price apply vary by distribution area.

DUoS charges While not a retail tariff, 
there are three time bands 
(Red, Amber, and Green) 
for all HH customers in 
the unit rate for DUoS. 
Additional Super-Red band 
for all EHV customers 

 All HH DUoS 
charges under 
Common 
Distribution 
Changing Method 
and Extra 
High Voltage 
Distribution 
Changing 
Methods

 � Time of day – 3 time bands in tariff for LV, 
HV customers; additional time band for 
EHV customers;

 � Day of the year – Time bands vary by day of 
the week (Monday-Friday vs. Saturday and 
Sunday) and bank holidays; and

 � Location – The time bands can vary by DNO 
licence area.

Other examples of 
static Time of Use

Tariff where smart meter 
data is used to charge 
a time-varying tariff to 
customers

 EDF eco20:20, 
Direct Energy 
Free Saturdays. 
British Gas 
offering on a trial 
basis in the UK

 � Time of day – Tariff varies according to pre-
defined time periods;

 � Day of the year – Tariff can vary by day; 
for example in Direct Energy’s ”Free Power 
Saturdays” tariff; and

 � Location – Tariffs offered could vary by 
location, but not typically done so.

Dynamic Time of Use (dToU) price signals

Critical Peak Pricing 
(CPP)

High retail tariff charged 
when critical peaks are 
forecast (e.g. tight system 
conditions are forecast). 
In many ways this tariff is 
similar to the Low Carbon 
London tariff trial

 EDF Tempo, 
France

 � Time of day – Tariff is higher during critical 
periods e.g. high wholesale price;

 � Day of the year – High price is only applied 
at times and on days when required; and

 � Location – Could vary by location, but 
generally has not varied by location to date.
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Tariff type Description Requires 
smart 

metering?

Existing 
example

Variables used to define tariff

Peak-time rebates 
(PTR)

A rebate is paid to 
customers when they 
reduce their demand during 
notified critical periods

 SDG&E 
ReduceYourUse, 
USA

 � Time of day – ReduceYourUse tariff applies 
to fixed time windows, but in theory this 
could vary more;

 � Day of the year – Rebates only apply on 
days when customers are asked to reduce 
demand; and

 � Location – Could vary by location, but 
generally has not varied by location to date.

Variable-peak 
pricing (VPP)

ToU tariff with a peak and 
off-peak price, but the peak 
price can vary daily

 Connecticut Light  
& Power, USA

 � Time of day – Peak and off-peak periods 
are fixed;

 � Day of the year – Peak price can vary 
daily; and

 � Location – Could vary by location, but 
generally has not varied by location to date.

Real-time pricing 
(RTP)

Residential tariff varies on 
e.g. an hourly basis and is 
linked to wholesale prices

 ComEd/Exelon, 
USA

Fortum Espot, 
Norway

 � Time of day – Prices vary (e.g. hourly) 
throughout the time, following 
wholesale prices;

 � Day of the year – Real time pricing applies on 
all days; and

 � Location – Linkage to wholesale prices 
means that signals are normally not 
locational although this could change if zonal 
or Locational Marginal Pricing (LMP) were to 
be introduced.

2.2 Benefits of Time of Use tariffs
At times of peak electricity demand the cost of supplying that power also increases. The need to dispatch more expensive 
peak generators to meet peak demand leads to a higher wholesale electricity price. Peak demand also determines the amount 
of network capacity required, and so the need for additional network capacity also contributes to the incremental cost of peak 
power. In principle, any initiative to smooth peaks in demand or to shift load from peak periods to off-peak periods could 
therefore lead to both wholesale cost savings for suppliers and network investment savings for network owners.

2.2.1 Supplier benefits of Time of Use tariffs
As noted previously, ToU tariff initiatives have normally, to date, been led by energy suppliers. Energy suppliers tend to be the 
”face” of the industry to customers, and they are the party licensed to sell electricity to customers. ToU tariffs can be attractive to 
energy customers, as it offers them the opportunity to optimise their energy consumption and lower their energy bills.
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Suppliers can also benefit from any load shifting that results from a ToU tariff, as they can reduce their exposure to high 
wholesale power prices during peak hours. However, in the GB market this potential benefit is not accurately captured by 
suppliers under today’s settlement process, which applies standard load profiles to NHH metered customers.1 Section 2.3 
presents a summary of the current process for settlement and also explains changes being proposed to better facilitate ToU 
tariffs in the future.

Most ToU tariffs in GB to date have included a static price signal. This is at least partly a reflection of the fact that peak demand 
and the resulting peak prices tend to occur in predictable patterns, coincident with traditional ”peak” hours. Figure 2 illustrates 
this point: for each hour the figure shows the % of days on which prices are in the top 5, 10, and 25% of prices during the year. 
In future, intermittent generators are expected to make an increasingly significant contribution to electricity supply. This could 
lead to the correlation between high prices and traditional ”peak” hours being reduced. This in turn might mean that suppliers 
increasingly turn to dynamic price signals to realise wholesale price benefits as is demonstrated by the tariffs implemented in 
the US and presented in Table 1. 

Figure 2:  Timing of peak prices (UK Market Index Price, April 2012 - March 2013)
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2.2.2 DNO benefits of Time of Use tariffs
Whilst the application of ToU tariffs has generally been wholesale price-driven to date, it is conceivable that there could 
be benefits available for DNOs through the application of ToU tariffs. ToU tariffs essentially provide a form of Demand Side 
Response (DSR), and it is well recognised that DSR can be of value to the DNO. The DNO can use DSR (and hence potentially 
ToU tariffs) to help manage network constraints. There are two ”use cases” where we can consider that ToU tariffs could 
perhaps have value:

 � The first use case relates to the deferral of reinforcement spend. The DNO’s analysis of projected peak load on the network may 
indicate the need for reinforcement, but the number of hours per year on which the additional capacity is needed may initially be 
very low i.e. where demand is very peaky. There might therefore be cases where it is more economically efficient to use a dToU 
tariff to reduce net load through use of a high price signal during the network peak hours, thus deferring the need to reinforce 
the network in question. In principle, this is similar to the use of Demand Side Response contracts with I&C customers; and

 � The second use case refers to the mitigation of capacity shortfalls ahead of or during work to reinforce the network. This can 
be split down further into two sub-categories:

1 Customers with a peak electricity demand of 100 kW or more are required to have a half-hourly meter
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 — If underlying load growth or new connections lead to load at a given substation exceeding projections, load could 
exceed firm capacity before it is possible to reinforce. This could lead to a breach of P2/6.2 During these periods dToU 
tariffs could be used to maintain compliance. A dToU tariff would be used in place of alternatives, such as mobile 
standby diesel generation or, in the worst case, the need for a P2/6 derogation (under which customers would 
experience a higher risk of Unserved Energy (USE)); and

 — During a network upgrade or reconfiguration project it might be necessary to make certain distribution capacity unavailable 
for some period of time. During these periods the DNO will be required to take remedial action, which might again include 
mobile standby generation, temporary or permanent conventional reinforcements, or reconfigurations to transfer load to 
alternative substations. If the remedial actions available are insufficient then customers will experience a higher risk of 
USE, and the DNO is required to apply for a P2/6 derogation. dToU tariffs can be applied to induce a customer response 
either in place of a more expensive conventional outage management scheme, or to avoid the need for a derogation.

Table 2 presents a summary of these use cases. It is likely that dToU tariffs could only be applied pre-fault (i.e. a high price 
period is activated during a peak period so that security of supply is maintained in the event of a fault) as it would not be 
practical to get a response from a ToU price signal post-fault (i.e. waiting to activate a high price period until after a fault). 
During the LCL trials the dToU signal was given day-ahead, making the very rapid response that would be required for post-
fault application unachievable. In the future, and particularly if technology trends (e.g. smart appliances) allow more automated 
domestic DSR, achieving a post-fault domestic DSR response may become feasible.

Table 2: Summary of dToU use cases

Deferred reinforcement Mitigation of capacity shortfalls 
ahead of reinforcement

Planned outages

Rationale A reinforcement investment 
requirement can be deferred by 
reducing net load beneath the 
affected substation at times of 
peak loading.

A reinforcement that is planned or 
underway will not be complete in 
time to avoid peak substation load 
from exceeding firm capacity. A 
domestic DSR response is used to 
maintain P2/6 compliance ahead of 
the reinforcement being complete.

Capacity is unavailable during 
a planned outage period. 
A domestic DSR response 
is used to reduce net load 
during high demand periods, 
when either a more expensive 
scheme, or a derogation from 
P2/6 compliance, would have 
otherwise been required.

Application A high price signal could be applied through the dToU tariff pre-fault i.e. during any relevant high load 
periods.

Voltage level 
of application

LV customers feeding into an affected primary substation

Benefits Deferred reinforcement Savings compared to a more expensive conventional outage 
management scheme, and/or reduced risk of USE for customers

Voltage level 
of benefits

The targeted EHV or HV substation

Site selection Identification of substations where 
load is expected to exceed firm 
capacity, and with significant 
domestic load, but for which 
reinforcement spend has not yet 
been committed

Identification of substations where 
load is expected to exceed firm 
capacity in spite of committed 
reinforcement spend, and which 
have significant domestic load

Identification of planned outage 
management schemes where the 
conventional management solution 
is expensive, or where a P2/6 
derogation is required, and where 
there is significant domestic load

2 Engineering Recommendation P2/6 is a security standard that DNOs are required to comply with, and which defines 
the response required from DNOs in the event of an outage
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There are two ways in which network benefits of ToU tariffs 
could be achieved in practice:

 � There could be ToU price signals designed specifically with 
the DNO’s needs in mind. This is non-trivial given that the 
DNO is not the primary owner of the relationship with 
energy customers, which is discussed further in Section 
2.3.3. The LCL trial, while administered by EDF Energy 
was focused on understanding the potential for network 
benefit-driven applications of dToU price signals; and

 � Alternatively, there might be consequential benefits for 
the network of a wholesale price-driven ToU tariff roll-
out, for example, if a high retail price signal designed to 
reduce wholesale costs leads to a consequential reduction 
in load behind a constrained substation.

Note that the 19 substations comprising the LPN sample 
may not be representative of the mix of substation types 
across the country as a whole. 9 of the substations serve 
suburban areas, and these are more representative of 
substations across the country serving residential centres. 
Eight of the substations serve urban or super-urban areas 
while two are GSPs.

First, the coincidence of maximum load hours with peak 
time-slices is analysed. This analysis is intended to evaluate 
the potential benefits to DNOs of the application of static 
ToU tariffs by suppliers. The top 5% of load hours (based on 
substation load data from April 2012-March 2013) at each of 
the sampled substations are compared to two alternative 
peak hour time-slices, one from 0800-2000h, the other from 
1600-2200h. Both timeslices cover the early evening peak; 
the former is expected to be more suitable for targeting 
substations with a flatter, more prolonged daytime peak 
(such as a classic urban load profile), whereas the latter is 
expected to be more suitable for targeting substations with 
an evening peak (such as a suburban network).

Figure 3 presents an example of this analysis for two of the 
selected substations, Duke Street and Clapham Park Road. 
The line graphs in the figure show example load profiles 
at these substations over a two day period. The shading 
beneath the line graph indicates periods where the load at 
each substation is in the top 5% of load hours. The figure 
shows that the coincidence between peak load and the 
0800-2000h time-slice is strong at Duke Street, but very 
weak at Clapham Park Road, which has a peak later in 
the evening.

Figure 3: Illustration of analysis to evaluate 
the coincidence of network peaks with 
traditional peak hours
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The % of time that the top 5% of load hours coincide with 
the two time-slices for the full subset of 19 substations 
is presented in Figure 4. Depending on the types of load 
connected to a given substation, the figure shows that 
in most cases the substation is either clearly evening 
peaking (resulting in higher coincidence with the 1600-
2200h window, shown by red triangles) or daytime peaking 
(resulting in higher coincidence with the 0800-2200h 
window, shown by the orange diamonds). Of the suburban 
substations, more (but not all) have evening peaks rather 
than daytime peaks. More generally the number of hours 
that a ToU price signal needs to cover will increase with 
increasing substation load factor – this relationship is 
analysed further in the cost-benefit analysis presented in 
Section 5.4.
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Figure 4:  Coincidence of substation peak loads with peak hour time-slices
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Coincidence with network peaks only 
reaches 100% at one substation

The graph shows that the coincidence of peak load hours and supplier-targeted time-slices can vary significantly both by 
substation and depending on the time-slice targeted by a Static Time Of Use (sToU) tariff. When considering the network 
benefits that can be realised as a result of wholesale price-driven sToU tariffs it is therefore important to understand the terms 
of tariffs being offered by suppliers. If these do not target hours that are of interest to the DNO (which will vary locally), then 
any benefits will be muted.

There is only one substation where the coincidence reaches 100% (and a further two substations where the coincidence is very 
close to 100%, at 98.6% and 99.8%). If there are even a small number of hours where there are peak substation loads that 
are not captured by the supplier’s tariff peak price period, there is a risk that few or even no network benefits are realised. To 
try to evaluate what the coincidence presented in Figure 4 means in terms of the potential to reduce peak load, the peak load 
outside of the targeted time-slice was also evaluated (Figure 5). 

Note that the results shown in Figure 5 do not indicate the peak reduction that would be achieved through a sToU tariff at 
these substations, as the analysis does not take into account uptake of ToU tariffs or the level of responsiveness of customers 
(this is investigated later for dToU tariffs). The analysis only shows the absolute maximum reduction in peak that could be 
achieved if the response were sufficient to in effect move the substation peak outside of the targeted time-slice.
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Figure 5:  Substation peak reduction if peak is shifted outside of targeted time-slice
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The figure shows that in all cases there is some potential for network peaks to be reduced by static ToU tariffs rolled out by 
suppliers (subject to consumers’ responsiveness and uptake). However, it can also be seen that at most substations the peak 
reduction is zero, or near-zero, for one of the timeslices. Even with both timeslices targeting the early evening peak, the tariff 
design that is most effective in reducing peak demand varies by substation. This means that the number of substations at 
which a network benefit is realised as a result of supplier ToU initiatives may be limited. Analysis to evaluate the impact that 
a supplier’s ToU initiative will have on a substation should be specific to that substation and network area, taking into account 
the specific load profile, and the characteristics of the ToU tariffs in place. Across the suburban substations, which could be 
argued to be more representative of networks serving residential consumers outside of London, the potential reduction in peak 
is typically greater when the 1600-2200h timeslice is targeted, as would be expected. Conversely, the super-urban and urban 
substations show a greater potential peak reduction when the 0800-2000h timeslice is targeted.

It was noted previously that peak prices might become less focused on traditional ”peak” hours in future, as intermittent 
generation such as wind becomes more prevalent. This could lead to wholesale price-driven ToU tariffs being more likely to 
be dynamic, rather than static. These dToU tariffs might be expected to focus on high price periods. At a system level price 
changes might follow fluctuations in supply (e.g. as wind generation increases or decreases). However, the resulting tariff price 
signals might work counter to the DNO’s requirements, for example if a local network peak coincides with a period of high 
wind output.

To evaluate whether the DNO might benefit more from these tariffs, the analysis presented above is repeated, but rather 
than looking at 2 different time-slices the coincidence of the top 5% of substation loads with the top 5%, 10%, and 25% of 
wholesale prices is evaluated. Figure 6 presents an example of this analysis, again using Duke Street. The line chart shows the 
substation load and, in red, the wholesale power price over an example two day period. The shading below shows first hours 
that are top 5% substation load periods, and second periods that contain wholesale prices in the top 5%, 10% and 25% of 
prices. In this example, during the first peak there is strong coincidence between the highest load hours and the highest prices, 
whereas during the second peak the coincidence is much weaker.
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Figure 6:  Illustration of analysis to evaluate the coincidence of network peaks with high 
wholesale prices
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Figure 7 presents an example (for substation 1 in our subset), showing how the coincidence of peak prices and substation peak 
load increases as the number of hours targeted with a high price increases to reach the top 25% of wholesale power prices.

Figure 7:  Coincidence of substation peak loads with peak wholesale prices
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Figure 8 presents a summary of this result, but for the full subset of substations. These results have been evaluated for the 
period April 2012-March 2013 using the Market Index Price (MIP). Coincidence has been evaluated for periods containing the top 
5%, 10% and 25% of peak MIP values.

Figure 9 illustrates the maximum impact that applying a dToU tariff during the top 5%, 10%, and 25% of wholesale prices 
could have on substation peak load reduction. Again, this is an absolute maximum, which assumes that the response from 
ToU customers is sufficient to move peak load outside of the targeted hours. In reality the reduction in peak load is likely to be 
less. However, even with these assumptions, non-coincidence of high wholesale prices and substation peak loads means that 
peak load is not reduced in many instances. It is interesting that the maximum peak reduction shown in Figure 9 is lower than 
that shown in Figure 5, for a static tariff design. Local network peaks are not always linked to the nationwide peaks reflected in 
wholesale power prices.

It is notable in this case that the potential peak reduction is greater for suburban networks. It is unlikely that under a dynamic 
tariff with a large price differential it would be acceptable to customers for there to be a large number of high price events. 
Hence it may be unrealistic to have high prices >5% of the time, which again would suggest that the potential peak reduction 
is modest. 

Figure 8: Coincidence of substation peak loads with top 5%, 10%, and 25% of wholesale prices
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Figure 9:  Substation peak reduction if peak is shifted outside of targeted peak price periods
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The analysis presented above suggests that the consequential network benefits from wholesale price-driven ToU tariffs 
designed around wholesale price patterns are likely to vary by network location, depending on the specification of ToU tariffs 
that are in place in that location:

 � Periods with peak substation loads do have high coincidence rates with traditional "peak" periods, but the coincidence rate is 
lower when substation peaks are compared to periods with high wholesale prices;

 � Static ToU tariffs implemented by suppliers do have the potential to reduce peak demand in some areas. However, 
whether this can be translated into a network benefit will depend on (a) whether the tariffs in place across all suppliers 
target peak load hours at the specific substation in question; and on (b) whether the level of consumer response and 
uptake at that substation is sufficient;

 � Consequently there are many substations where any one ToU tariff design may have nil or negligible impact on substation 
maximum demand, and hence planning and reinforcement; and

 � Outside of Central London, where suburban substations are more dominant, it might be that a ToU tariff targeting evening 
peaks can achieve a peak reduction that is more consistent across substations.

The remainder of this report focuses on the potential for network benefit-driven dynamic ToU tariffs.

2.2.3 Other benefits of Time of Use tariffs
In addition to the benefits to suppliers, customers, and DNOs mentioned so far in this report there are other industry participants who 
may benefit from ToU tariffs, either directly through their own ToU signal, or as a consequence of wholesale price-driven ToU tariffs:

 � Transmission Owners may benefit from ToU tariffs being used to encourage load shifting from periods where the 
network is constrained to off-peak periods. These benefits are similar to the use cases cited for the DNO above; and

 � The System Operator (SO) could also benefit from customers responding to ToU tariffs as this response could be used to provide 
balancing services. In the near term it is unlikely that ToU can be used in this way as the lead times on which decisions are 
made to dispatch balancing services are too short to provide sufficient notice of a price signal to customers. In future control 
technologies (e.g. smart appliances) might improve the potential for this application. Further, it is possible that new market 
players and/or aggregators could leverage smart appliance flexibility, entering into commercial arrangements to offer balancing 
services to the SO, passing on rewards to participating consumers.
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2.3 Application of Time of Use tariffs

2.3.1 Settlement and billing today
In order to understand how a ToU tariff might be administered, and specifically to understand how a DNO might interact with 
or lead a ToU proposition, it is important to understand the basics of GB settlement and billing as they stand today. Table 3 
presents a high level summary of the main processes currently in place that are relevant to the discussion of ToU tariffs in 
this report:

 � Settlement – reconciliation of electricity bought or sold in the wholesale electricity market with the physical volumes injected 
by generators or withdrawn by suppliers’ customers;

 � DUoS – the charges which are recovered by DNOs from consumers (via electricity suppliers) to cover the allowed revenue set 
by the price control; and

 � Billing – the bill sent to customers by their electricity supplier, covering energy, network charges (both transmission and 
distribution), as well as environmental charges, other regulatory charges and any margin.

Table 3: Overview of settlement and billing for domestic electricity customers

Settlement DUoS Billing
Summary NHH electricity customers are settled 

using industry standard profiles. There 
are two profile classes (PCs) for domestic 
customers: PC1 (unrestricted) and PC2 
(Economy 7). These profiles vary by 
season, day of the week, and include 
regression coefficients for temperature 
and sunset time.

Historical meter data is used to calculate 
the Estimated Annual Consumption (EAC) 
for each Meter Point Administration 
Number (MPAN). For settlement, 
consumption is estimate by multiplying 
the EAC by the relevant profile coefficient.

As meter readings are received, these are 
annualised to calculate the Annualised 
Advance (AA) for an MPAN. This is then 
used in place of the EAC in settlement.

For NHH customers, 
DUoS is calculated by 
”supercustomer” (an 
aggregation of similar 
customers). For PC1 
customers there is a single 
DUoS unit rate by licence 
area that does not vary by 
time of day.

These aggregated DUoS 
charges are estimated using 
EACs and then updated as 
meter readings are collected.

Electricity suppliers will 
normally make use of the 
same settlement volumes to 
calculate bills. As such, bills 
will again be calculated using 
estimates of consumption until 
meter readings are received, at 
which point these readings will 
supersede the estimates.

Some suppliers who have smart 
meters installed already may 
use actual meter reads rather 
than estimates

Roles

Supplier The supplier receives settlement 
statements from Elexon, who execute 
settlement according to the rules set out 
in the Balancing and Settlement Code.

The supplier receives a 
supercustomer daily DUoS 
statement from each DNO.

The supplier prepares and sends 
bills to customers periodically.

DNO N/A The DNO receives meter 
readings from the NHH data 
collector and uses this to 
calculate DUoS charges. The 
DNO then sends daily DUoS 
statements to electricity 
suppliers.

N/A

Customer N/A N/A The customer receives a periodic 
electricity bill from their supplier.
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2.3.2 Proposed changes and modifications to settlement
The roll out of smart metering, and of the ToU tariffs facilitated by smart metering, has led to discussion over the need for 
half-hourly settlement. This would mean settlement calculations moving away from the use of standard profiles, rather 
making use of the half-hourly data from smart meters.

Half-hourly (HH) settlement is not a requirement for implementing ToU tariffs: customer bills can be calculated on a ToU 
basis so long as bills are calculated by the supplier with half-hourly granularity. However, under the current settlement 
arrangements this would lead to asymmetric risk profile for electricity suppliers. Suppliers would be passing on the benefit 
(or cost) of the more granular billing to customers, but the changed consumption pattern would not be recognised in 
settlement, which would still rely on standard profiles. 

Non-domestic customers settled under Profile Classes 5-8 are already required to have an advanced meter in place. 
Balancing Settlement Code (BSC) Modification Proposal 272 (P272) would require all customers covered by PC5-8 to be 
settlement against HH consumption data from April 2015. Implementation of P272 has been delayed until at least 2016 
while changes to DUoS are considered. These changes (proposed in DCP179) would amend the Common Distribution 
Charging Methodology (CDCM) tariff structure, shifting to using HH data from advanced meters in calculating DUoS for PC5-8 
customers, which would include a 3-rate (Time of Day) unit charge.

More generally, Ofgem launched a wide-ranging programme to consider the options for half-hourly settlement in April 2014 
[Ref. 1]. These changes indicate a trend towards half-hourly settlement. Half-hourly settlement is an important change that 
would increase the incentives for suppliers to offer ToU tariffs, as they would then realise wholesale price benefits as a result 
of consumers shifting load. The use of standard profiles for settlement means that today these benefits are not accurately 
allocated across suppliers. However, it is important to note that this is not technically a pre-requisite for the introduction 
of ToU tariffs.

2.3.3 Application of network benefit-driven Time of Use price signals
If DNOs were to use a dToU price signal in an attempt to realise the network benefits available from ToU, there are two 
different models that they might consider in order to implement this:

 � Dynamic DUoS – once the smart meter roll out is complete DUoS for all customers could shift to a Time of Use structure, with 
higher DUoS charges being targeted at times when local network constraints are active. This would involve a shift both to 
HH and also to locational DUoS billing. Importantly, in order to ensure that customers were exposed to this signal it would be 
necessary to mandate suppliers to pass on the variable DUoS charge to customers; and

 � dToU recruitment – DNOs could alternatively enter into a commercial agreement with electricity suppliers so that suppliers 
are paid to recruit customers to a dToU tariff, for example if they are connected to a constrained primary substation. The DNO 
would specify the requirements from the tariff and would determine times at which dToU price signals should be targeted. 

Neither of these models absolutely requires half-hourly settlement. However, in the absence of half-hourly settlement there 
would be an asymmetry in the risk exposure to suppliers, who would be billing using more granular data than they were being 
settled on. This risk exposure might act as a barrier to widespread adoption of ToU tariffs. Regardless of the settlement regime 
in place, suppliers would need to have the capacity to implement half-hourly billing.
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Previous experience of 
Time of Use tariffs

3

Trials of ToU tariffs have been completed previously, both in GB and elsewhere. This section sets out some of the key 
conclusions that can be drawn from the trials that have taken place to date.

3.1 Outcomes from previously implemented Time of Use tariffs and trials
To give some context to the LCL ToU trial, which is described in further detail in Chapter 4, we present here a brief overview 
of the findings from previous ToU trials. For a more detailed review of previous trials the reader is referred to DECC’s recent 
literature review on Time of Use tariff [Ref. 2] and to a 2012 paper by the Brattle Group [Ref. 3]. Much of the information in this 
section summarises the analysis presented in these sources. 

Figure 10 presents a summary of the reductions in peak load recorded during previous trials. The red bars in the figure show 
the range in peak reductions noted in the conclusions of the DECC literature review for both sToU tariffs and for CPP (Critical 
Peak Pricing) tariffs, a form of dynamic ToU. The orange markers show the results from individual trials – the aforementioned 
sources include results for a larger number of tariffs, and a handful are included here for illustrative purposes. Table 4 presents 
some further details on each of the trials shown in the figure.
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Figure 10:  Peak reduction from previous ToU tariff trials
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Table 4:  Summary of results from selected ToU tariff trials

Tariff/Trial Years Geography Participants Peak 
reduction

Peak to off-
peak price 
differential

Overview of scheme

Static Time of Use 0-22%

Connecticut Light  
& Power

2009 USA 188 2-3% 208%, 408% Peak hours noon-8pm on weekdays

Two different peak prices tested

Ireland Smart 
Metering 
Programme

2009-
2010

Ireland 2,920 7-12% 143-271% 30% uptake during recruitment

Energy Demand 
Research Project 
(EDRP)

2007-
2010

UK 194 (EDF) 
1,352 (SSE)

Up to 10% 165% Two ToU trials, one run by EDF, the 
other by SEE

Critical Peak Pricing 5-38%

EDF Tempo 1989-
1992

France 800 45% 458%3 800 customers during experimental 
stage; by 2004 >300,000 customers

300 blue days (standard), 43 white 
days (medium), 22 red days (high)

Each day has fixed peak/off-peak periods

45% overall reduction in energy on red 
days; 15% on white days

3 Price differential for EDF Tempo tariff is based on current tariff pricing (see https://particuliers.edf.com/gestion-de-mon-contrat/options-tarifaires/option-
tempo/details-de-l-option-52429.html, viewed on 9th September 2014), rather than on the pricing during the experimental stage, which is unknown
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Tariff/Trial Years Geography Participants Peak 
reduction

Peak to off-
peak price 
differential

Overview of scheme

Connecticut Light & 
Power

2009 USA 371 10-16% 720%,  
2,019%

10 critical peak days, each event 2-6pm

Two different peak prices tested

Energy Australia 2006-
2008

Australia ~750 7% 3,636% Dynamic peak price

Integral Energy 2006-
2008

Australia 297 37% 2,008% Dynamic peak price with peak (1-8pm 
on CPP days), shoulder (1-8pm on 
weekdays), and off-peak prices

Incentives for joining (A$100) and 
completion (A$200)

LCL trials 2012-
2014

UK 1,119 9% 471% Further details on trial presented in 
Chapter 4

Real-time pricing

Pacific North West 
GridWise Project

2006-
2007

USA 112 15-17% N/A Price varied every 5 minutes

From previous trials some of the key conclusions that can be drawn, and which are relevant to this study, are summarised 
as follows:

 � Customers do respond to high prices by reducing their load, but the correlation between high price differentials and high 
levels of response is not always clear because of other factors. The level of customer response is also impacted by the 
customer’s capacity to respond automatically to higher prices, and by the customer’s access to real-time information on their 
energy consumption; and

 � In general, a greater response from customers is seen in dToU tariffs, when compared against sToU tariffs. However, some 
of the highest response rates (e.g. the Integral Energy trial shown in the table) are in countries and regions where air 
conditioning is common in domestic properties, increasing the scope for demand reduction compared to GB; and

 � There are no set rules: the results across apparently similar trials can be very different. For example, in the Energy Australia 
trial shown in the table, the price differential was even higher than in the Integral Energy trial, but the peak reduction was 
much smaller.

In the “Brattle” report prior trial results are collated to analyse the relationship between price differential and peak reduction in 
more detail. The analysis performed suggests that the relationship in logarithmic, such that as the price differential increases 
the rate of increase in peak reduction falls. The relationship derived in the Brattle report suggests that a peak to off-peak price 
ratio of 3 is required to achieve a 10% peak load reduction, and a peak to off-peak price ratio of approximately 8 is required to 
achieve a 20% peak load reduction. Note that the peak load reductions cited here and in Table 4 are measured against average 
daily peak load. For the DNO, the reduction in absolute (annual) peak load is more important.

24  |  24  | Previous experience of Time of Use tariffs



3.2 Relevance to Low Carbon London
Whilst there is a large volume of international evidence, until Low Carbon London no large-scale dToU tariff had previously 
been trialled in GB. Also, the LCL trial involves a larger number of participants than most international trials. It is also noted 
that none of the trials presented above have been initiated with the objective of investigating the usefulness of ToU tariffs in 
realising the network benefits previously described in Section 2.2.2.

The LCL trial is described further in Chapter 4, with results on the responsiveness of trial participants evaluated in Section 4.6.2. 
The headline result from the trial was an average response of c. 50 W per trial participant, or 9% of average peak demand. 
This is consistent with other dToU tariff trials. However, it should be noted that the % by which network peak can be reduced 
is lower: 50W is just over 3% of an annual diversified peak domestic load of c. 1.5 kW. By the time tariff uptake is taken into 
account substation peak load reduction is likely to be much less than 3%.

3.3 Comparison with Industrial and Commercial Demand Response
Industrial and Commercial (I&C) Demand Response is increasingly used by the GB System Operator for reserve services and 
the LCL project and other DNOs’ projects are increasing its use amongst the DNOs. I&C DSR is typically provided in the form of 
standby generation, Combined Heat and Power (CHP) plants, or turn-down of on-site load. The I&C market is familiar with a 
model of being ”available” or standing ready, with no guarantee of being utilised or ”dispatched” and being required to reduce 
load or turn on generation.

The unique feature of the dToU concept is that it provides this same separation, that residential customers are recruited and 
made ready; and will remain engaged so long as they are dispatched frequently enough to achieve benefit in their bills. By 
contrast, static Time-of-Use tariffs and energy efficiency measures introduce a permanent behaviour change which does not in 
practice have value on many days of the year for the DNO.

In both cases, I&C DSR and residential DSR, concepts of sharing are relevant and the DNOs are working with the GB System 
Operator to discuss the possibility of sharing I&C DSR contracts and agreeing a priority order to call off the response. In the 
case of residential customers, the DNO is by definition sharing customers with the supplier, with the supplier being the primary 
point of contact and the logical first priority use of Demand Response.
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Low Carbon London 
dynamic Time of Use trial

4

4.1 Overview of Chapter
This Chapter presents an overview of the dToU trial from the LCL project, which was jointly run by UK Power Networks and EDF 
Energy, with Imperial College London contributing to the tariff design and carrying out both quantitative and qualitative analysis 
of the results, including interviewing participants. This overview covers the design of the trial, information on its implementation, 
and the key findings from the trial. Further detail on the trial is documented in two accompanying reports prepared by Imperial 
College London [Ref.4 and 5].

4.2 Tariff design
The dToU was designed to inform the future use of such tariffs for two different applications:

 � Constraint Management (CM) – a high ToU price is used to encourage customers to shift load away from periods where 
network constraints are active. This report considers the application of such tariffs by DNOs, but a similar principle could be 
applied by Transmission Owners (TOs).
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 � Supply Following (SF) – a combination of both high and low ToU prices are used to encourage customers to shift load away 
from periods where there is a shortfall in the supply of power to periods where there is surplus supply of power (e.g. periods 
of high wind generation). These events were demonstrative of the principle of ”wind twinning”. While such events are likely to 
be correlated with the wholesale price-driven tariffs discussed earlier, they are not necessarily the same thing. The motivation 
for a SF tariff may partly be wholesale prices, but may alternatively be a reduction in exposure to intra-day markets or 
imbalance, or an operational constraint being managed by the System Operator.

During the LCL trial both types of response event were combined into a single tariff.

The price differentials used in the tariff are much greater than the price differentials seen in previous GB ToU trials, although 
they are towards the lower end of the differentials noted for previous dToU tariff trials presented in Section 3.1. The prices 
reflect the variation in wholesale prices that might be expected in future with high levels of intermittency. The price bands set 
for the trial were:

 � High price: 67.20 p/kWh;

 � Default price: 11.76 p/kWh; and

 � Low price: 3.99 p/kWh.

These prices were set such that the impact on the bill of a customer following a typical residential demand profile would be 
neutral. They compare against a fixed rate of 14.23 p/kWh, which was charged to non-ToU customers in the control group for 
the trial.

CM events were set up with a Low-High-Low (LHL) price pattern, meaning that customers would see low rate periods into 
which they could shift their demand either side of a high rate period. Sandwiching the high price period between two low 
price periods differentiated the CM events relevant to DNOs from the SF events relevant to suppliers or the system operator, 
and maximised the price differential for customers during the CM event. During the trial, CM events triggered on behalf of the 
DNO lasted between 3 and 6 hours, which reflects the fact that a customer response requirement would most likely be focused 
on a few hours around a network peak. Most of the events were therefore focused around the evening peak (e.g.1700-2300h), 
although a small number of events were targeted during the morning or during the day. Some events were also repeated for 
up to 3 days, to reflect that CM events might be required following a fault. The tariff design only allowed for up to 3 events per 
week, which was agreed with EDF Energy in order to limit inconvenience to customers. In practice the duration of faults can be 
much longer than 3 days. The commercial terms of any tariff used to target constraint events would clearly need to take into 
account how the tariff is expected to be implemented.

SF following events included a period of high or low prices. SF following events were 3, 6, or 12 hours in length. These 
durations were set based on analysis of system-wide wind generation data, showing that 70% of high wind output events are 
less than 3 hours in duration, and that the next 20% of cases are between 3 and 20 hours.

The tariff design described above resulted in the price events illustrated in Figure 11. The events labelled with the prefix “H” or 
“L” are SF events; the events with the prefix “P” are CM events. The CM events were not scheduled to address periods of actual 
network constraints. These events were spread over the year of the trial (2013). Further details on the design of the events and 
the design of the tariff can be found in Low Carbon London Report A3 [Ref. 5].
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Figure 11:  Graphical representation of trial events
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4.3 Recruitment of trial participants
Recruitment onto the trial was managed by EDF Energy in 
two phases: 

 � Phase 1: EDF Energy customers within the LPN licence 
area were recruited onto the LCL smart metering trial, the 
outputs from which are discussed in a separate Low Carbon 
London Report C1 [Ref.6]. An objective of this first phase of 
recruitment was to ensure that the demographic spread of 
trial participants was in line with that for LPN as a whole. 
5,533 customers were recruited for the smart metering 
trial, and smart meters and In-Home Displays (IHDs) were 
installed in participants’ homes;

 � Phase 2: Participants for the dToU trial were the recruited 
from the smart metering trial participants. 1,119 customers 
were recruited onto the dToU tariff.

Participants were self-selected and so in an attempt to 
mitigate the risk that this did not lead to distortion of the 
demographic of the trial population a number of incentives 
were offered to customers to encourage participation:

 � £100 for signing up to the dToU tariff and a further £50 if 
they remained on the trial until the end;

 � A guarantee that customers would be reimbursed if they 
were worse off under the dToU trial than they would have 
been on their previous tariff;

 � £20 for returning an appliance survey; and

 � A further £20 for returning a tariff survey at the end of 
the trial.

It is worth noting that there were a number of exclusions 
from the trial population, the most important of which were:

 � Customers on Economy 7 tariffs were excluded from 
the trial as these customers would already be used to 
adapting their behaviour for ToU tariffs;

 � Dual fuel customers were excluded. Understandably, EDF 
were keen to ensure that dual-fuel customers continued 
to have the same customer experience for their gas bill 
and their electricity bill, and the dToU trial represented 
a significant change to the customer experience for 
electricity bill-payers; and

 � Customers with a prepayment meter were also excluded, 
since smart meters with pre-payment functionality were 
not available at the time of the trial.

 

Despite these exclusions the trial population was 
broadly representative of the wider EDF Energy customer 
populations in LPN. The demographic composition of the 
trial population for the dToU tariff (by ACORN4 group), 
and for the balance of the smart metering trial population 
(labelled non-ToU), is shown in Figure 12.

Figure 12: Trial population demographic 
composition, by Acorn group
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Customers involved in the smart metering trial were 
contacted via a direct mail campaign. The response rate to 
this mail campaign via an inbound call was 9% (8% were 
recruited). To boost recruitment, EDF also followed up the 
direct mail campaign with an outbound calling campaign. 
73% of targeted customers received an outbound call; of 
these a further 16% of customers were recruited. The results 
of the recruitment campaign are summarised in Figure 13.

Figure 13: Summary of recruitment rates 

Percentage

Targetted

Phone
Contact

Recruited

0 20 30 50 70 9010 40 60 80 100

16% 8%

73% 9%

100%

 Mail campaign  Outbound calling campaign

 

4ACORN is a customer classification that segments the UK population through analysis of demographic data, social factors, population, and customer behaviour
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4.4 Event notices
When a ToU price event was scheduled, customers were 
informed at 8am on the day prior to each event. Messages 
were sent to all customers’ In-Home Displays (IHDs) and, if 
the customer opted in, to customers’ mobile phones by text 
message. An example rate change notification message to 
an IHD is shown in Figure 14.

Figure 14: Example In-Home Display showing 
a rate change notification

4.5 Costs of running the trial
EDF incurred a number of costs in running the dToU trial 
which are summarised in Figure 15. These costs total 
around £350/customer, which can be broken down into an 
upfront component of around £245/customer to establish 
the service and pool of customers who would respond, and 
an operating cost component of around £105/customer per 
annum. The upfront component is non-recurring, whereas 
the operating cost component is recurring. This split was 
not relevant for the trial itself, which lasted a year, but is 
more important in the cost-benefit analysis presented in 
Chapter 5, where dToU schemes lasting more than one year 
are considered. In these cases the costs identified as ”opex” 
might be expected to recur in subsequent years.

Figure 15: Summary of costs incurred during 
dToU trial
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The main cost components, which are shown in Figure 15, 
can be summarised as follows:

 � Recruitment – Staff costs covered during the trial 
recruitment period of 3 weeks, plus back-office costs such 
as the administration of customer tariff changes;

 � Customer incentives – Incentives paid to customers on 
signing up, and on completing the trial;

 � Opening and closing communications – Recruitment 
brochures, welcome letters, and closure letters;

 � Scheme closure costs – Handling customer calls/queries 
during tariff close, calculating refunds, and administering 
customer tariff changes;

 � Customer maintenance – Query handling during the  
trial; and

 � Ongoing communications – Monthly communications  
to trial participants

The costs of this first-of-a-kind trial were significant 
compared with an average electricity bill in the UK of £609 
p.a. [Ref.7]. In future at least some of these costs would 
still be incurred if DNOs were to contract with suppliers 
to recruit customers onto a DNO-commissioned network 
benefit-driven dToU tariff. If customers were exposed to the 
mandated pass-through of a dToU price signal through DUoS 
charges, clearly some of these costs would be mitigated, 
although some marketing and communications costs might 
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still be incurred to explain to customers why a dynamic signal 
has been put in place in a given network area. In either case, 
energy suppliers could complement price signals controlled 
by the DNO with their own ToU price signals to reduce their 
exposure to peak wholesale power prices, subject to this 
being structured in such a way that network benefits were 
not undermined.

However, if dToU tariffs were to become more widespread 
there are a number of drivers that might lead to some 
reduction in the costs incurred on the trial.

 � As dToU tariffs become common, suppliers will have more 
experience in recruiting to them, and customers will have 
a better understanding of the tariffs, which may lead to 
more efficient recruitment;

 � Many of the communications costs incurred as part of 
the trial might be saved in future. However, if the tariff is 
deployed as a temporary tool to tackle a specific network 
constraint, customer engagement through the process 
would be important and so it is unlikely these costs could 
be completely eliminated; and

 � Incentives would not be offered to customers outside of 
the trial setting. We expect that supplier’s communications 
campaign would increase awareness and participation, which 
might otherwise drop off in the absence of these incentives.

4.6 Findings from the trial

4.6.1 Customer attitudes to Time of Use tariffs
In light of the LCL dToU trial being the first of its kind in the 
UK, as well as being one of the largest ToU trials to date in the 
UK, it was important to understand how receptive customers 
were to the trial. As well as measuring the response that 
could result from a dToU trial, analysis was therefore also 
performed seeking to understand customer’s attitudes to 
the tariff. This analysis is presented in Low Carbon London 
Report A2 [Ref. 4]. The analysis performed was largely based 
upon the survey data mentioned above, which was collected 
from most of the trial population, and 37 in-depth customer 
interviews. The objective of the survey and the interviews 
was to understand both the experience of households on 
the tariff and to understand better the observed patterns of 
demand response.

Table 5 lists a number of positive statements about the dToU 
trial, and the % of survey participants that either agreed or 
disagreed to these statements. The responses shown indicate 
that the trial participants responded very positively to this set 
of statements on the tariff. Interestingly, the responses even 
indicate that trial participants did not view the tariff as too 
complex, which might have been expected to be a concern. 

Table 5: Summary of trial findings on 
customer attitudes to the tariff

Positive statement  
on dToU tariff

% agree 
or strongly 

agree

% disagree 
or strongly 
disagree

Greater sense of control 71 24

Worth the hassle 67 28

Enjoyed some aspects 55 39

No reduction in quality of life 75 19

Do not find tariff complex 79 16

Effort sustainable long term 79 15

Good for motivating us to get 
chores/activities done 80 7

Helped planning/organising/
remembering activities/chores

77 10

Taught young about the  
cost of energy

71 14

We miss some things about 
being on dToU

53 13

Some practices persisted 
beyond the end of the trial

70 30

Reduced overall energy 
consumption

63 30

Renewables link would make 
me more likely to sign up

59 32

Renewables link would make me 
more likely to adapt behaviour

60 31

Would want to stay on dToU 77 18

dToU should be offered  
to everyone

91 5

dToU should be the standard 
tariff for everyone

81 14

The survey also collected data on the customer’s appliances 
for which load was most commonly shifted. Load from wet 
appliances (e.g. washing machines etc.) was reported to be 
the easiest to shift, with lighting, cooking, and showering 
load being the least flexible load. This is supported by Figure 
16, which shows the appliances where households reported 
the most flexibility in reducing load in response to a high 
price. Responses were very similar when trial participants 
were asked which appliances were used more in response to 
low price periods. 
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Figure 16:  Appliances for which households reported flexibility in avoiding high prices on the tariff
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In most cases, the reported flexibility in the use of different appliances is related to the extent to which use of a given 
appliance is subject to a fixed routine (shown in Figure 17). For example, dishwashers are reported as being flexible, and are 
also reported as not being subject to a fixed routine. Conversely, lighting is reported as being inflexible, and also as being 
subject to a fixed routine. There are some exceptions to this general rule. Kettle load is reported as being inflexible, but is also 
not subject to a fixed routine.

Figure 17:  Appliances for which households reported a fixed routine in usage 
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4.6.2 Customer responsiveness to Time of Use tariffs
The main output from the trial findings that is used in the cost-benefit analysis presented in Chapter 5 is the evaluated 
response of customers to a dToU price signal. These trial findings are summarised below. Again, further detail on these trial 
findings can be found in Low Carbon London Report A3 [Ref. 5].

Figure 18 shows the response of trial participants to the three prices, illustrating the reduction in load resulting from the high 
price periods and the increase in load resulting from the low price periods. The results in this figure include both CM and SF 
events. The figure also differentiates the response by household rank. This rank is used in presenting many of the results 
described below and determined as follows:

 � Importantly, the ranking is not calculated simply by looking at the delta between the trial participant’s meter reading and the 
demand response baseline, as this would be distorted by events when trial participants were out, for example, and hence 
their electricity load was low;

 � Rather, a simulation process was used, whereby the ordering of days (and hence the tariff prices associated with those days) 
was randomised 20,000 times. In each simulation the load profile from trial participants was unchanged. The hypothetical bill 
for each customer in each simulation was calculated, resulting in a distribution of potential bill costs for each customer;

 � These distributions were then used to evaluate the probability that the saving actually achieved by the customer over the trial 
period was greater than or equal to the saving that would have been achieved randomly (i.e. representing the null hypothesis 
that a customer did not respond deliberately to the ToU tariff); and

 � The ranking was determined as a function of the evaluated probability.

Each single point in the graph represents the response over the year of each household to all of the events. By plotting the 
individual results, we can see the extremes of response which were achieved, and which fell into the range +/-200W. Note 
that the Smart Meter profiles found that the non-diversified annual household peak from a typical trial participant was, for 
comparison, 4.1 kW. The chart then ranks households according to the methodology outlined above. The response of the 
top 25% ranked participants is shown on the left of each section of the diagram, and the bottom 25% ranked participants 
are shown on the right of each section. It can be seen, for example that the response of the lowest ranked trial participants 
was close to zero, whereas the top ranked trial participants significantly changed their future consumption in the direction 
we hoped for. 

Figure 18:  Measured demand response by household performance rank 
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Figure 19 shows the response of customers to CM events only. The shading used in the figure is again based on the rankings 
described above. The darkest shading shows the average response of the full trial population to high and low price events, and 
the progressively lighter shadings show the average response of the top 75%, 50%, and 25% of trial participants. The response of 
customers to CM events (and high prices in particular) is of most relevance to a network benefit focused ToU scheme. From the 
figure it can be seen that the average response to high prices provided by trial participants was around 50 W, but that the top 25% 
of responders, read on the left hand side of the chart as negative numbers, provided over 3 times this level of response.

The response to low price events is more muted, but is important in considering tariff design. As mentioned already the CM 
events for this trial were constructed of a high price event surrounded by two low price events, the idea being to maximise the 
response during the high price period. However, this can obviously lead to an increase in load during the low price periods. For 
a peak load profile this could work well, but for a flatter load profile this could undermine some of the benefit from the load 
reduction during the high price period since a new peak might be created during the low price period. This is just one example of 
how a practical application of a ToU tariff to achieve network benefits would need to be tailored to specific network areas.

Figure 19:  Mean change in consumption in response to CM events 

From a network planning point of view, it would not be possible to use the average responsiveness results shown in Figure 
19. Imperial College London has performed analysis to determine the appropriate security of supply contribution that could 
be considered from the dToU tariff tested here, and found that the contribution is very close to the mean, being 56 W during 
winter and 34 W during summer.

An example of the response seen during a single CM event is shown in Figure 20. The darker of the two lines in the figure 
shows the actual load from the full trial population. The orange and blue shading in the figure shows the increase and the 
reduction in load respectively resulting from low and high price signals. The lighter of the two lines, and the lighter shadings 
indicate the same behaviour but for the top 25% of responders, using the ranking described above. Again, it can be seen that 
the response from those top responders is much greater than that from the trial population as a whole. The load (even in the 
baseline) of the best responders is also lower, suggesting that this subset of the trial population was more aware of controlling 
their energy consumption regardless of the ToU tariff.

Figure 20:  Example customer response to a CM event 
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This report does not focus on the response of customers to the SF events tested during the trial, as these are of less direct 
relevance to DNOs. However, the response to these events is presented in Figure 21. A few key results evident from this figure 
are worth highlighting:

 � The response to high prices during the SF events was generally lower than the response to the same price during a CM event. 
This suggests that a low price event either side of the CM event itself did increase the responsiveness of trial participants;

 � Trial participants responded more to low price SF events (increasing their load) than to high price SF events, in particular over 
short periods of time; and

 � As would be expected, trial participants responded more during short events as over longer events they began to run out of 
opportunities to shift load. This effect is less pronounced for high price events, where the overall response is less.

Figure 21:  Mean response to SF events, by event duration and performance ranking 

The Low Carbon London project was the first dToU trial at scale in the UK. The results of the trial have demonstrated a 
willingness amongst a representative set of GB residential customers to take part in dynamic, or short notice, demand 
reduction. It has delivered a level of response per household similar in size to previous ToU trials in GB and Ireland and 
previous dToU trials elsewhere in the world. Survey responses from trial participants have also demonstrated a high degree 
of engagement and positive feedback, and an enthusiasm for dToU trials to be made more widely available. In the following 
section of this report, Chapter 5, the potential benefits of building on this success with the objective of realising wider benefits 
for the DNO are evaluated.
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Cost-benefit analysis

5

The LCL trials demonstrated participation from customers across all sizes of household and all demographic groups. Meanwhile, 
the dToU tariff allows the actions of customers to be called on as needed, and this was felt to be vital given that DNOs are likely to 
be niche users of DSR, with requirements in certain geographic areas for certain set times of the year and times of the day. 

This section of the report evaluates the Cost-Benefit Analysis (CBA) for the specific applications of the dToU tariff tested during 
the LCL trial. Assumptions used in this analysis and key findings from the analysis are presented below.

5.1 Common assumptions for evaluation of dToU tariffs
In the analysis presented in this report to evaluate dToU, there are a number of assumptions that are kept constant across the 
various case studies. These are shown in Table 6.
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Table 6: Overview of common assumptions

Assumption heading Assumption value

ToU dispatch rules

Maximum consecutive hours with  
high price

4 hours Restricts the number of consecutive high price hours in 
dispatch analysis of ToU tariff.

Minimum gap between high price 
events

4 hours Used as a constraint in dispatch analysis of ToU tariff.

Maximum events per week 3 Restricts the number of ToU high price dispatch events.  
This assumption is identical to the tariff terms used during 
the trial, which were jointly designed with EDF Energy to be 
acceptable to customers.

Preceding hours with a low price/ 
following hours with a low price

9 hours Hours prior to and following a high price event where a 
low price is assumed (to mirror the Constraint Management 
events in the LCL trials).

Economic parameters

Discount rate 3.5% ( <= 20years) 
3% ( > 20years) 
Discount rates are in  
real terms

Results presented in this report have been based on the 
discount rate adopted in UK Government and Ofgem CBAs.  

Asset life (reinforcements) 45 years It is assumed that reinforcement spend is financed over a 
45 year period, in line with the economic life over which 
depreciation is charged under the RIIO price control regime.  

Asset life (capex overheads) 15 years It is assumed that capex overheads, such as system 
upgrades and investment in new processes, are financed 
over a shorter period of 15 years.

ToU contribution

Response to high prices ↓ 56 W (winter)

↓ 34 W (summer)

This assumption is sourced from the analysis performed by 
Imperial College, which is described in Section 4.6.2.

Note that the 34 W assumption was evaluated for spring 
events; for the purpose of the analysis presented here we 
have applied this security of supply contribution to summer.

The contributions presented here can vary by type of 
customer and have been calculated for different affluence 
and occupancy groups.  For affluent households with >3 
occupants the contribution exceeds 100 W, whereas for less 
well off (“adverse”) households with only 1 occupant the 
contribution is c. 25 W.

Response to low prices ↑ 24 W (winter) 
↑ 15 W (summer)

As noted previously the tariff tested during the ICL trials 
aims to achieve a higher response from consumers partly 
through using a low price signal either side of the peak, 
high price event.  This low price can lead to higher demand 
either side of the high price event, which can in some 
cases reduce the effectiveness of the dToU tariff.  The 
average response to dToU low prices is taken from Imperial 
College London’s analysis, and again this number is varied 
by affluence and occupancy groups.
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Assumption heading Assumption value
dToU uptake when not mandated 24% This is the level of uptake to the dToU tariff seen in the 

LCL trials.  In the analysis presented in this report this % is 
applied to the number of domestic consumers below the 
targeted substation for scenarios where dToU is applied but 
not mandated.

Supplier recruitment costs

Supplier recruitment costs when 
uptake is voluntary

£207/customer (£103 
one-off cost per 
customer, £104 annual 
cost per customer)

EDF, who were a partner on the dToU trial, provided an 
analysis of the costs incurred during the trial in terms of 
recruitment costs.  This assumption is calculated on the 
basis of that data.  The £103/customer of one-off costs can 
be broken down as follows:

 � Costs to carry out recruitment e.g. call centre personnel & 
brochures – c. £68

 � Costs of tariff closure, such as administering transfers to 
new tariffs, calculating trial refunds etc. – c. £35

 � Customer incentive payments of c. £143 were also 
incurred during the trial, but these have not been 
included as they would not be paid in business-as-usual

The annual costs of £104customer can be broken down 
as follows:

 � Costs to ‘maintain’ ToU customers, e.g. billing & 
consumption queries, replacing customers lost through 
churn – c. £61 p.a.

 � Ongoing customer comms, such as monthly newsletters 
– c. £39 p.a.

 � Customer saving of c. £2 p.a. and text messaging costs of 
c. £2 p.a.

As described previously in Section 4.5, recruitment costs 
incurred by suppliers (and hence charged to the DNO) 
may be significantly lower than the £207/customer quoted 
here – it is difficult to speculate as to exactly how much the 
reduction might be.  
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Assumption heading Assumption value
Costs for mandatory uptake Not modelled By definition marketing costs to attract consumers to a 

new tariff would not be incurred if a dynamic price signal 
were to be applied through mandating pass-through of 
a dynamic DUoS charge.  However, some supplier costs 
would still need to be taken into account:

 � Where dToU signals are used around constrained 
substations it still might be necessary to engage 
with consumers so that they understand the need 
for the additional complexity in their tariff, incurring 
communications costs.

 � Suppliers would still need to have systems in place 
and set up so that they could calculate ToU prices in 
consumers’ bills.  In future these systems might be well 
established such that these costs become minimal, but 
there may be some incremental costs in accommodating 
the relevant DNO’s requirements.

Given the uncertainty over these costs we have not 
attempted to model these in the CBA.  Rather, for 
mandatory uptake of dToU we have calculated the 
maximum costs that could be incurred before application of 
the tariff is no longer economically viable.

Fixed overhead costs

Assumed number of schemes to 
recover overheads

20 Through the CBAs presented in this document we have 
attempted to evaluate opportunities to implement dToU 
schemes independently.  This requires us to assume a 
number of dToU applications across which fixed overheads 
should be recovered.  The assumption used here reflects 
the number of I&C DSR schemes proposed in UK Power 
Networks’ RIIO-ED1 business plan (across its three licence 
areas), the assumption being that the opportunities for 
applying dToU tariffs are somewhat similar to those for 
applying DSR schemes.

System changes £ 150,000 UK Power Networks’ existing control room system (ENMAC) 
allows for representation of and a control interface for 
new commercial arrangements.  This cost relates to the 
time required to set up new symbols and settings in 
that system. The cost is estimated based upon a similar 
systems update exercise carried out by UK Power Networks 
previously for some embedded generators.  This cost is an 
input to our NPV analysis.

Process design and implementation £ 150,000 A further overhead cost assumed to be incurred relates to 
a review and re-design of control room processes, which 
would need to give control engineers clear guidance on 
when and how dToU price signals should be dispatched.  
The cost is again an input to our NPV analysis.
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Assumption heading Assumption value
DNO settlement systems Not modelled It is assumed that mandatory application of dToU tariffs 

would be through a dToU DUoS price signal.  This would 
require significant changes to the systems that the DNO 
uses to calculate and settle DUoS charges today.  Domestic 
customers are today usually settled in ‘supercustomer’ 
groups, whereas a dToU DUoS system would require 
each customer’s DUoS charge to be calculated separately, 
resulting in a huge increase in the data-handling 
requirements on DNO billing systems.

Again, we have not modelled this highly uncertain cost.  
Rather, we have calculated the maximum costs that could 
be incurred before the application of the dToU tariff is no 
longer economically viable.

Replacement diesel engine

Diesel engine annual lease costs 100 £/kW/annum In some of the outage management case studies presented 
the planners in UK Power Networks determined that the 
most appropriate counterfactual would be the use of a 
diesel generator. The hire cost quoted is consistent with 
the costs incurred in the past by UK Power Networks. We 
note that for the longer term, planned (i.e. non-emergency) 
applications of a diesel generator, relevant here, it might be 
possible to negotiate a better price.  This would reduce the 
relative attractiveness of dToU.

Variable operating costs 150 £/MWh Variable costs, including fuel input costs, and carbon costs 
are incurred on top of the lease costs.  The cost incurred 
depends on how much energy is at risk, which determines 
how much the generator is dispatched.

Technical F-factor for diesel engine 80% The F-factor is the % of capacity of a DG unit that can be 
considered to contribute towards security of supply, and it is 
calculated following the guidance issued in ETR130.

In determining the amount of diesel generation that is 
required in the counterfactual an average F-factor of 80% 
has been assumed based on the tables presented in 
ETR130. It has been selected to be consistent with high 
levels of availability (95%-98%) and a range of 1 to 6 units 
required across the case studies.

5.2 Presentation of the CBA results
Throughout the CBA analysis, our findings are presented in a common format, as shown in Table 7. The CBA results table 
includes the following:

 � Gross network benefit – this is the gross benefit, expressed in present value terms, which can be realised through 
implementing dToU. The majority of the gross benefit will be either the benefit of deferring reinforcement spend or the 
benefit or avoiding the costs of temporary generators;

 � DNO costs – these are the costs incurred by the DNO in implementing dToU to realise the identified gross benefit, again 
expressed in present value terms. This includes both the costs of paying suppliers to recruit customers and pass through dToU 
signals, and the overhead costs incurred to facilitate the roll-out of dToU;

 � Net network benefits – this is the aggregate of the previous two lines, and presents the net present value of the dToU 
scheme under consideration;
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 � Totex impact ED1 – this is the ED1 cash flow benefit 
(or cash flow cost) of implementing the proposed dToU 
scheme. For example, if reinforcement spend is deferred 
from ED1 to ED2, this row would show an ED1 benefit. This 
calculation takes into account the totex cash flow impact 
both of the benefits realised through implementing dToU 
and of the costs incurred by the DNO; and

 � Totex impact ED2 – the principle for this row is the 
same as above, but for ED2. In the example where 
reinforcement is deferred from ED1 to ED2, this row would 
show a cash flow cost for ED2.

Table 7: Example CBA results table

Scenario Scenario A Scenario B
Net benefit (£k real 2012/13)

Gross network benefit

DNO costs

Net network benefits

Totex cash flows (£k real 2012/13)

Totex impact ED1

Totex impact ED2

5.3 Use case 1: Deferred reinforcement

5.3.1 Approach to cost-benefit analysis
The benefits to the DNO of using customers’ response to 
dToU tariffs to defer conventional reinforcement projects is 
investigated through a combination of case study analysis 
and extrapolative analysis across the network:

 � There is one case study substation where we evaluate the 
use of dToU tariffs to defer reinforcement spend: Whiston 
Road. This is a substation where DSR has been proposed 
in UK Power Networks’ RIIO-ED1 business plan.

 � In addition to this case study we perform further analysis 
to consider whether there are load shape properties and 
substation load growth rates not considered through this 
single case study that might indicate that a substation is 
particularly suitable for targeting with a dToU tariff. This 
analysis is presented in Section 5.4.

For the Whiston Road case study we evaluate the net 
benefit available from deferring reinforcement through using 
a dToU tariff. This analysis involves the following steps:

 � Evaluating the contribution that can be made by domestic 
customer response to dToU – For each case study we 

analyse the total response that can be achieved through 
application of a dToU tariff to domestic customers behind 
the case study substation. This takes into account the 
following inputs:

 — Analysis prepared by Imperial College London (ICL) 
on the security of supply contribution that can be 
assumed per household during a high price event, 
based on analysis of the LCL trial data (for Constraint 
Management events). This analysis also considers 
the variation in responsiveness by customer affluence 
(Affluent, Comfortable, Adversity), and by household 
occupancy (1 person, 2 people, 3+ people); and

 — Analysis of the number, and type, of domestic meter 
points behind the case study substation. This analysis 
also splits down the number of domestic meter points 
according to the affluence and occupancy categories 
mentioned above.

 � Taking into account the commercial constraints imposed by 
tariff design – Building on the assessment of the technical 
response that can be assumed from a high price event, 
commercial constraints have to be taken into account in 
then evaluating the consequential impact on substation 
peak load. We have developed a tool that attempts to 
capture how the following constraints would affect the 
application of a dToU tariff:

 — Time constraints such as any cap on the number 
of consecutive hours where a high price can be 
applied, or any minimum gap that must apply 
between high price events; and

 — Any cap on the number of high price events that can 
be applied.

Evaluation of these commercial constraints, combined with 
consideration of the technical contribution evaluated above, 
can then be used to understand the extent to which a dToU 
tariff would reduce peak load at the case study substation.

 � Evaluating the extent to which reinforcement spend can 
therefore be deferred – The impact on peak load at the 
substation, inferred through analysis of the technical and 
commercial constraints mentioned above, can then be 
used to understand the extent to which reinforcement 
spend can be deferred. We have developed a tool 
based on the Planning Load Estimates (PLEs), which the 
planners use to identify where reinforcement work is 
required. The PLEs include an analysis of the winter and 
summer firm capacities, and the projected winter and 
summer maximum demand at each primary substation. 
Adjustments are made to the firm capacity at each 
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substation to take into account the post fault transfer capacity that is available at each substation, and the expected erosion of 
that capacity over time as load growth also takes place at the substation that load would be transferred to. The contribution 
made by customers’ response to high price events from a dToU tariff is treated as an increase in effective firm capacity at the 
substation, which defers the date at which maximum demand will exceed firm capacity.

 � Calculating the net network benefit achieved through any deferral – We have also adapted Ofgem’s CBA NPV tool to then 
evaluate the net benefit that can be realised through deferral of a reinforcement project. The tool allows us to evaluate the 
network benefit of the dToU tariff (i.e. the deferred reinforcement benefit).

5.3.2 Summary of findings: Whiston Road case study
Whiston Road is a substation in the LPN licence area that will require reinforcement in the near future. Before post-fault 
transfer capacity is taken into account the substation load would exceed firm capacity during 2014. However, available post-
fault transfer capacity is projected to keep substation load within firm capacity through to the early 2020s. Table 8 shows the 
evolution of the maximum winter demand compared to the firm capacity both before and after consideration of potential post-
fault transfers. 

Table 8: Capacity at Whiston Road substation

MW 2013
/14

2014
/15

2015
/16

2016
/17

2017
/18

2018
/19

2019
/20

2020
/21

2021
/22

2022
/23

2023
/24

2024
/25

2025
/26

2026
/27

2027
/28

2028
/29

2029
/30

Winter MD 47.3 48.1 48.9 49.6 50.4 51.2 52.1 52.9 53.9 55.0 56.0 57.1 58.1 59.2 60.2 61.3 62.3

Winter firm 
capacity

46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1

Capacity incl. 
transfers

55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.1 54.9 54.8 54.6 54.4

Add dToU 
capacity

55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.3 55.3 56.1 55.3 55.1 54.9 54.8 54.6 54.4

Figure 22 summarises projected load at the Whiston Road substation. The solid line shows projected growth of maximum 
winter load, with firm capacity shown by the dashed line. Firm capacity increases in 2023/245 to accommodate projected load 
growth, with the necessary network reinforcement works starting in 2018. 

While there is around 22 MW of maximum demand at Whiston Road associated with HH metered customers, around 64% 
of load is estimated to be from domestic customers. There are approximately 19,500 domestic customers connected to the 
network beneath the Whiston Road substation, including both Profile Class 1 and 2 customers.6 Using the assumptions derived 
from the LCL trials and an estimate of the breakdown of this population by customer type, it is expected that 0.86 MW of 
demand reduction could be achieved if all customers were subject to a dToU price signal. Under a voluntary scheme, it is 
assumed that only 24% of customers would participate, resulting in only 0.21MW of response. This is of similar size to individual 
industrial and commercial (I&C) sites that provided demand response during the Demand Side Response trials for Low Carbon 
London. Typically, these were hotels or offices reducing air conditioning load. However, in the case of I&C demand, it was often 
possible to find multiple sites under a given substation. Further, individual diesel and CHP generators typically delivered a level 
of Demand Side Response much higher than 0.21 MW. 

At this level of uptake the response is insufficient to achieve reinforcement deferral, regardless of the costs of such an approach. In 
order to take the analysis forward, the focus is therefore on the mandatory uptake case where 100% of customers participate.

5 This refers to regulatory year covering summer 2023 and winter 2023-24.
6 The ICL trial excluded PC2 (Economy 7) customers, so their response to dToU has not been measured. However, it is assumed for this analysis that their 

response is the same as PC1 customers. In reality this might slightly overestimate the response available, as PC2 customers may already actively shift some of 
their electricity load to reduce their exposure to peak tariffs.
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If this 0.86 MW of aggregate response under the mandatory approach is then dispatched according to the assumptions set 
out in Table 6, the effective demand reduction from dToU falls to 0.82 MW. This is a result of dispatch effects such as the 
requirement for a gap between high price events, or the requirements for low price events (which increase demand) either 
side of a high price event.

The effect of the effective 0.82 MW of response can then be superimposed on Figure 22. The dotted line shows the impact 
of increasing effective firm capacity. This shows that the dToU response means that the planned reinforcement spend can be 
deferred by one year until 2019, with capacity being released in 2025. In 2025 the dToU tariff would no longer be required by 
the DNO and it is assumed that no further costs are incurred by the DNO once the conventional reinforcement is complete. 
Whether this can be achieved will clearly depend on the means by which the dToU tariff is implemented. 

Figure 22:  Graphical representation of Planning Load Estimates for Whiston Road
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The deferral of reinforcement at Whiston Road by one year 
gives a benefit of £333k, which is only very slightly reduced 
(by around £10k) when the allocation of systems and 
process-related overheads is taken into account (because, 
per Table 6, it is assumed that these costs are shared over 
20 schemes). However, this assessment does not take into 
account (a) an allocation of any costs that the DNO incurs 
in updating its DUoS billing systems to settle DUoS on a 
half-hourly basis for domestic consumers; (b) any supplier 
and wider industry costs incurred in administering the 
mandated dToU price signal; (c) any other costs such as 
those associated with customer engagement.

The implementation of dToU may have wider benefits for 
the electricity system (e.g. reducing wholesale costs, or 
facilitating TSO actions). However, the break-even point for 
using dToU solely to constrain demand in order to defer 
reinforcement at Whiston Road is around £25/customer. If 
costs exceed this level the NPV of the intervention would 
be negative, as shown in Figure 23. Note that this amount 
would not even cover the recurring costs incurred by EDF 
during the trial, such as responding to additional customer 
queries and sending out customer communications.

Figure 23: Whiston Road dToU NPV as a function 
of per customer implementation costs
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It would be worth paying up to £25/customer, or a total of 
£500k, at Whiston Road to achieve the deferral benefits 
identified in this analysis. By contrast, the recruitment and 
marketing costs incurred during the LCL trial, as described 
in Section 4.5, totalled £207/customer when incentive 
costs are removed. The cost of rolling out a ToU tariff will 
likely fall compared to these trial costs, but it seems likely 
that they will remain above £25. It is likely that the major 
billing system changes required to implement a dynamic 
DUoS charge would cost multiple £m. For mandated dToU 
to deliver benefits to the DNO it is therefore likely that the 
following will be necessary: 

 � Multiple substations will need to be identified where 
the application of dToU would deliver similar value as at 
Whiston Road;

 � Costs associated with customer engagement would need 
to be minimal, with customers being obliged to accept 
the dynamic DUoS price signal; and

 � Negligible costs would need to be incurred by other 
industry participants; for example, suppliers may already 
have ToU billing systems in place minimising the 
incremental costs in billing a dynamic DUoS price, and half-
hourly settlement may already have been implemented.

It is unlikely that all of these benefits can be met in the near 
future, suggesting that the case for the dToU tariff cannot be 
made on network benefits alone. However, it may be that 
some further costs can be covered by benefits that accrue 
to other parties (e.g. suppliers) as a result of the tariff being 
implemented, but this has not been assessed in this report.

The results presented in Table 9 summarise these findings 
and illustrate that voluntary uptake of a dToU is unlikely 
to help with deferring DNO reinforcement spend. This is 
because both (a) the response from a voluntary uptake is 
unlikely to be sufficient to defer the reinforcement; and (b) 
the cost of marketing and recruiting customers to such a 
tariff is likely to be significant, even if it is lower than that 
observed in the trial.

Table 9: Whiston Road: Voluntary vs 
Mandatory dToU

Voluntary Mandatory

Uptake 24% 100%

Deferral No deferral 1 year

Cost per 
household

£207 based 
on trial costs

Up to £25 contribution to 
costs could be funded by 
network benefits

We can consider a further sensitivity to this case study, 
where the response to a high price signal is increased, for 
example as a result of technology change (e.g. increased 
automation) or increased customer awareness. Analysis of 
the LCL trial results show that the best 25% of responders 
provided 150 W of response. The analysis was repeated 
using the assumption that all customers improve their 
response to this level. For this particular substation, there 
was no change to the effective response resulting from 
the dToU tariff. This is because under the tariff conditions 
assumed it is not possible to shift any additional load 
without creating a new peak in this instance. In other cases, 
increasing the per-customer impact may show a benefit, but 

44  |  44  | Cost-benefit analysis



it is important to note that the design of the dToU scheme (maximum high price duration, events allowed per week, etc.) can 
be just as important as the response from the price signal itself.

In the absence of limits on the number of and timing of high price events, an average customer response of 150 W could give 
rise to a response at Whiston Road of 2.9 MW. This could defer reinforcement at Whiston Road by a total of 2 years, yielding an 
NPV before customer engagement and settlement system costs of £655k. Because the scheme would then need to be in place 
for an additional year, more opex is incurred. However, the increased benefits mean that the network benefits could fund year-
one tariff costs of up to £34/customer, a 36% increase but still only 16% of the costs seen in the trial. A summary of the results 
from evaluation of the Whiston Road case study is presented in Table 10.

Table 10:  Summary of NPV results for Whiston Road (excluding per-customer costs)

Scenario Mandatory Mandatory – 150 W 
response

Mandatory – 150 MW 
unconstrained

Net benefit (£k real 2012/13)

Gross network benefit 333 333 655

DNO costs (10) (10) (10)

Net network benefits 323 323 645

Totex cash flows (£k real 2012/13)

Totex impact ED1 1,059 1,059 3,627

Totex impact ED2 (1,074) (1,074) (3,642)

Recruitment costs funded by network benefit (£/customer real 2012/13)

Year 1 costs 25 25 34

Year 2 onwards N/A N/A 17

5.4 Extrapolative analysis to investigate the opportunity to use dToU to defer reinforcement
In this section analysis is presented to assess opportunities to defer reinforcement projects using dToU price signals more widely 
across the system. The analysis evaluates the impact of substation load factor on the viability of dToU, and also looks at the 
deferral of investment that can be achieved depending on the amount of response available connected to a given substation.

5.4.1 Impact of substation load shape on the viability of ToU for deferring reinforcement spend
It was noted in the previous section that the theoretical response from a population of dToU customers (i.e. 56 W per customer 
dToU population) cannot always be achieved in practice because of constraints on the response that can be requested from 
dToU customers. For example, there will normally be a maximum period of time that a high price can be set for, and a 
minimum period of time between high price events. Further, the tariff trialled for LCL required a low price event either side of 
the high price, yielding an increase in demand that for some substations (e.g. with a flat load profile) might almost reverse the 
impact of any peak reduction. 

As mentioned previously, a tool to analyse the application of the dToU tariff was built to evaluate the case studies presented in 
this report. This tool was used to analyse the load profile for a subset of primary substation load profiles (chosen by identifying 
substations that are likely to require reinforcement over the next two regulatory price control periods) to better understand the 
viability of dToU as a peak load management tool. The tool was used to understand the maximum consecutive period of time 
for which a high price response is required at each substation, and how that period of time varies by substation load factor. 
The maximum response time is chosen as this is likely to be the main constraint that reduces the effectiveness of dToU as load 
factor increases.

  |  45  |  45Cost-benefit analysis



Figure 24 shows how the maximum high price response 
time that is required for dToU to remain effective increases 
both (a) with substation load factor; and (b) as maximum 
demand exceeds substation firm capacity by an increasing 
amount. The length of a high price event during the LCL 
trials was 6 hours, and it seems likely that customers would 
be more resistant to longer high price periods, especially 
given the quantum of the high price under this tariff.

Figure 24: Variation of maximum high price 
response time required with substation 
load factor
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The figure suggests that constraints regarding the 
application of the tariff would be less of an issue for 
substations where the dToU response required was only 1 or 
2% of the substation firm capacity, but for higher response 
requirements load factor becomes more important. Where 
a substation is 5% out of firm, the maximum response 
requirement still stays below 6 hours for most substations 
until the substation load factor goes over 60%. This 
suggests that dToU could be used for small responses e.g. 
substations with requirements of 1-2% of firm capacity, but 
beyond that constraints in the application of a dToU tariff are 
likely to become more important, especially for higher load 
factor substations.

5.4.2 Impact of size of dToU response on the 
available benefit 

Clearly the benefit available from a dToU price response 
will be higher where there is a higher domestic customer 
population signed up to dToU tariffs. To quantify this benefit, 
the following analysis was performed:

 � For the same subset of primary substations selected for 
the analysis presented in Section 5.4.1, the number of 
domestic customers (and the breakdown of customers by 

affluence and occupancy types) was used to calculate the 
MW response that can be relied upon following a dToU 
high price signal (the impact of dispatch constraints is 
ignored this time);

 � The PLEs were then used to infer the year in which 
substation maximum demand exceeds firm capacity, and 
the extent to which this is deferred when the available 
dToU response is factored into the analysis; and

 � Taking into account this analysis, the NPV benefit of 
deferring reinforcement at that substation is calculated.

The scatter plot in Figure 25 shows how the NPV impact 
of reinforcement deferral varies as the amount of dToU 
response available (defined as a % of site capacity) varies. 
This analysis assumes mandatory roll-out of a dToU price 
signal to all domestic customers. Note that there are three 
substations where the MW contribution from dToU is so 
small that there is no deferral of reinforcement, leading to 
no net benefit.

Figure 25: Variation in NPV of deferred 
reinforcement with increasing dToU 
contribution

0 year deferral 1 year deferral

2 year deferral 3 year deferral

Unconstrained ToU as proportion of site capacity

N
PV

£0
£50,000

£100,000
£150,000
£200,000
£250,000
£300,000
£350,000
£400,000
£450,000
£500,000

0% 1% 2% 3% 4%

Drawing on these two pieces of analysis we could very 
roughly estimate the NPV gross benefit available through 
using dToU to defer reinforcement spend across LPN 
over the next two price control periods as follows (again 
assuming mandatory uptake where dToU is implemented):

 � Assume that dToU would be effective for all substations 
where the contribution from ToU is <2% of firm capacity. 
Adding together these points from Figure 25 gives a 
benefit of approximately £0.92m; and

46  |  46  | Cost-benefit analysis



 � Where the dToU response exceeds 2% of firm capacity 
it is assumed that dispatch constraints start to restrict 
the effectiveness of the tariff. Some of these substations 
will be unsuitable to the dToU application; others will 
offer a reduced level of response. If 50% of the gross 
benefit shown in the figure is realised this would total 
approximately £1.04m.

The total likely maximum benefit across LPN is therefore 
estimated to be £1.96m. The totex cash flow in ED1 could 
be reduced by as much as £10.44m on this same basis. 
Given the very significant changes that would need to be 
made to DUoS billing systems to settle a dToU DUoS tariff, it 
seems unlikely that there is a compelling business case for 
the DNO to push for the use of such a tariff solely to defer 
reinforcement costs. Further, it is likely that suppliers would 
seek to pass on any incremental billing costs incurred to 
DNOs if a dToU mandate in implemented on the premise of 
reduced network costs.

5.5 Use case 2: Outage management
The following section of the report evaluates the net benefit 
available through the use of dToU tariffs to realise network 
benefits when there is a network capacity shortfall. This use 
of dToU tariffs was discussed previously in Section 2.2.2.

5.5.1 Approach to cost-benefit analysis
The approach taken to analyse the two case studies 
presented in this section can be summarised as follows:

 � Evaluating the contribution that can be made by 
domestic customer response to dToU – The MW 
dToU response available at the substation, taking 
into account the types of customer connected to the 
network at that location, is evaluated as previously 
described in Section 5.3.1;

 � Taking into account the commercial constraints 
imposed by tariff design – The impact that commercial 
or dispatch constraints have on the effectiveness of that 
dToU response is modelled as previously described in 
Section 5.3.1;

 � Quantify the backup generation that would be 
required in the absence of a smart intervention – The 
number of diesel generation units required to meet the 
shortfall in the absence of a dToU tariff is calculated using 
the F-factor assumptions presented in Table 6; and

 � Calculating the net network benefit achieved through 
deploying the dToU tariff – We have also adapted 
Ofgem’s CBA NPV tool to then evaluate the net benefit 
that can be realised through using the dToU price signal in 
place of a temporary diesel engine. The tool allows us to 
evaluate the net network benefit of the dToU tariff.

In the cost-benefit analysis of this second use case the 
counterfactual chosen when evaluating the net benefit of 
implementing a dToU tariff to realise network benefits is 
the use of temporary standby generation. It is important to 
note that, in the case of network upgrade or reconfiguration 
projects, if the counterfactual were instead defined as an 
increased risk of CIs and CMLs (i.e. a derogation from P2/6 
being sought), the benefits of the avoided CIs and CMLs 
are negligible, because of the low probability of a fault 
coinciding with a period of high demand.

5.5.2 Summary of findings
Eltham Grid substation is a primary substation that is already 
out of firm. Capacity at the substation will be released by 
the commissioning of the new Eglington substation in 2018. 
In this case study it is assumed that a dToU tariff is used 
to send high price signals to customers connected to the 
network in this location such that they reduce load on the 
network during peak times.

In the absence of dToU it is assumed that diesel generators 
are deployed to provide back-up during peak periods. The 
dToU tariff response, or the mobile generation, is assumed 
to be available from 2015. The scenario is summarised 
below in Table 11.

Load at the Eltham Grid substation is approximately 80% 
domestic. There are 34,000 domestic customers connected 
below this substation, which when the types of customer 
connected at this location are taken into account results 
in 0.5MW of response under a voluntary dToU scheme 
(with 24% uptake). Unlike in the reinforcement case, this 
small amount is sufficient to see an upside by displacing a 
proportion of mobile diesel generators required to manage 
the outage. In 2014/15 the diesel generation capacity 
could be reduced from 2 MW to 1 MW,7 and in 2016/17 the 
generation capacity could be reduced from 3 MW to 2 MW. 
However, assuming recruitment costs of £207/customer (in 
line with the LCL trial), the NPV of this swap is negative, at 
-£1,956k.

7 Note that for the purpose of this analysis only diesel generation units of 1 MW are considered. With different size units, other scenarios are possible, 
 which may result in either an increase of decrease in the net benefit measured.
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Table 11: Summary of ”mandatory” scenario and Planning Load Estimates for Eltham Grid

MW 2014/
15

2015/
16

2016/
17

2017/
18

2018/
19

2019/
20

2020/
21

2021/
22

2022/
23

2023/
24

2024/
25

2025/
26

2026/
27

2027/
28

2028/
29

2029/
30

2029/
30

Winter MD 54.3 54.8 55.3 29.1 29.6 30.1 30.7 31.4 32.2 33.0 33.8 34.5 35.3 36.1 36.9 37.7 62.3

Winter firm 
capacity

46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1

Capacity incl. 
transfers

53.4 53.3 53.3 53.2 53.2 53.1 53.1 53.1 53.0 53.0 52.9 52.9 52.8 52.8 52.7 52.7 54.4

Add ToU 
response

54.5 55.0 55.3 53.2 53.2 53.1 53.1 53.1 53.0 53.0 52.9 52.9 52.8 52.8 52.7 52.7 54.4

Diesel 
generation in 
counterfactual

2.0 2.0 3.0

Under a mandatory dToU scheme, a response of 1.9 MW would be available. By analysing the dispatch requirements to take into 
account the specific load profile at Eltham Grid, it is confirmed that in this case the effective response (i.e. after taking into account 
the effect of dispatch constraints) is also 1.9 MW. It is assumed that no diesel generator is hired to cover the remaining ~0.1 MW 
given the negligible probability of a fault occurring at the time when this capacity is required. If recruitment fees and settlement 
system costs are ignored the net benefit of avoiding these costs is £137k. In fact, additional costs would need to be below £2.29/
customer (<1% of the costs incurred during the trial) if the business case for using a dToU tariff at Eltham Grid were to remain 
positive (see Table 12). This threshold, which is lower than that derived for the deferred reinforcement case study presented, 
suggests that the business case for dToU is stronger when considered as an alternative to conventional reinforcement, rather than 
being considered as an alternative to shorter-term interventions such as the use of back-up diesel generation.

Table 12:  Summary of NPV result for Eltham Grid (excluding per-customer costs, e.g. 
recruitment costs)

Scenario Voluntary Mandatory

Net benefit (£k real 2012/13)

Gross network benefit 44 151

DNO costs (14) (14)

Net network benefits 30 137

Totex cash flows (£k real 2012/13)

Totex impact ED1 25 125

Totex impact ED2 0 0

Recruitment costs funded by network benefit (£/customer real 2012/13)

Year 1 costs 3.08 2.29

Year 2 onwards 1.55 1.15

If a dToU price signal was to be mandated through the DUoS charge then significant changes would be required to DNO billing 
systems, and possibly also to supplier billing systems. While there is uncertainty over the precise level of these costs, they 
would be higher than £2.29/customer.
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5.5.3 Case study: Wandsworth Grid
This case study relates to a group of circuits that connects the Wimbledon Grid GSP to the Wandsworth Grid 66 kV primary 
substation. Additional load from two new substations is due to connect to these circuits, which will result in the circuits being 
required to meet a more stringent security standard from 2015. This will lead to a reduction in the effective firm capacity of 
the circuits during the summer months, when the circuits will be required to withstand both a planned and unplanned outage 
(rather than just a single outage). Table 13 shows the impact of the increased security requirement on the effective summer 
capacity of the circuits. This would result in a requirement for intervention during 2017/18 and 2018/19, ahead of reinforcement 
across Wimbledon Grid, which allows for load to be transferred from these circuits. 

There are 108,000 domestic customers connected to Wandsworth Grid. Under a voluntary dToU scheme (with 24% uptake) this 
would correspond to 0.8MW of response, which the dispatch analysis suggests is not constrained by the terms of the tariff. This 
allows one 1MW mobile diesel generator to be displaced in each of the two years. Before recruitment costs are considered the 
NPV is £176k. However, taking the trial costs of £207/customer the NPV drops to a net disbenefit of -£26,881k.

Under a mandatory scheme all 108,000 customers have dToU tariffs, meaning that a high price signal could yield a summer 
response of up to 3.3 MW. Note that the response available from dToU has been shown to be lower than that available in 
winter through the trial results. The very flat nature of the load profile at Wandsworth Grid means that the amount of response 
that can actually be depended on is only 1.5 MW, making the difference in response between the voluntary and mandatory 
cases less marked. In the scenario with dToU being implemented, diesel generation units would still be required to meet the 
additional shortfall. 2 MW would be required in 2017/18, and 4 MW would be required in 2018/19. In the absence of the dToU, 
the amount of diesel generation required would increase to 4 MW and 6 MW in 2017/18 and 2018/19 respectively.

Table 13:  Summary of scenario and Planning Load Estimates at Wandsworth Grid

MW 2014/
15

2015/
16

2016/
17

2017/
18

2018/
19

2019/
20

2020/
21

2021/
22

2022/
23

2023/
24

2024/
25

2025/
26

2026/
27

2027/
28

2028/
29

2029/
30

Summer MD 256.1 262.5 272.2 291.4 292.9 216.8 218.4 220.6 222.8 225.0 227.2 229.4 231.6 233.8 236.0 238.2

Summer firm 
capacity (N-1)

432 432 432 432 432 432 432 432 432 432 432 432 432 432 432 432

Effective N-2 
capacity

288 288 288 288 288 288 288 288 288 288 288 288 288 288 288 288

Add ToU response 288 288 288 289.5 289.5 288 288 288 288 288 288 288 288 288 288 288

Diesel generation in 
counterfactual

4.0 6.0

A summary of the NPV results from analysis of this scenario is shown in Table 14. This shows that the application of dToU at 
this substation could deliver value for the network if recruitment and settlement costs can be kept below £1.79/customer. If 
a dToU signal were to be mandated through the DUoS regime, the changes required to the DUoS settlement systems would 
exceed this cost. A voluntary approach would not work either, as the recruitment fee required by suppliers would also exceed 
this amount and the response would be unlikely to reduce the amount of temporary diesel generation required.
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Table 14:  Summary of NPV result for Wandsworth Grid (excluding per-customer costs)

Scenario Voluntary Mandatory

Net benefit (£k real 2012/13)

Gross network benefit 189 247

DNO costs (13) (13)

Net network benefits 176 235

Totex cash flows (£k real 2012/13)

Totex impact ED1 222 295

Totex impact ED2 0 0

Recruitment costs funded by network benefit (£/customer real 2012/13)

Year 1 costs 1.35 1.79

Year 2 onwards 0.68 0.90
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Conclusions 

6

There are likely to be challenges in realising material network benefits through 
the roll-out of wholesale price-driven ToU tariffs
At a high level the opportunities represented by ToU tariffs to shift load from peak periods to off-peak periods should yield 
reinforcement investment savings for DNOs as well as wholesale cost savings for energy suppliers. However, there is a 
challenge in practically realising any network benefit because of the wide range of load characteristics across different 
network areas. Static ToU tariffs that target periods coincident with local network peaks could achieve reductions in peak 
load, but this is dependent on high uptake of tariffs that are consistently aligned with the local network peak across a 
number of suppliers. Across the substations studied in LPN this means that there are no set rules that can be applied so that 
suppliers implement tariffs that lead to consequential network benefits for the DNO. Outside of Central London suburban 
substations are more dominant and so it is possible that static ToU tariffs targeting an evening peak could be more 
successful in reducing peak load.

Analysis presented in this report has shown that dynamic wholesale price-driven ToU tariffs are unlikely to result in 
response that can be relied upon to yield network benefits for DNOs. This is because local network peak demand periods 
do not always coincide with period of high wholesale prices, which are driven by the nationwide balance of supply and 
demand. The potential reduction in peak load is higher for suburban substations, but is still likely to be modest without a 
large number of high price events.

However, the LCL trial has shown that customers respond well to dToU price signals 
The trial of a dToU tariff through the LCL project was the first of its kind in GB. The trial involved much greater price 
differentials than those seen in a typical sToU tariff, but lower differentials than those seen in many international dToU 
trials. The higher price differentials are intended to represent the increased variation in wholesale prices resulting from 
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intermittent generation. High prices were focused on a smaller number of events. The trial findings presented in this report 
suggest that the DNO could rely on around 50W per customer of response to similar events. This response equates to 
around 6% of the average winter peak household load, which is lower than the response seen in other international dToU 
trials. This may be a result of lower price differentials in the LCL trial and/or differences in the load composition in other 
geographies (e.g. more air conditioning load to shift). 

Such dToU price signals could be controlled by DNOs through variable DUoS charging or through paying suppliers to recruit 
customers onto supplier-administered (but DNO-commissioned) tariffs in areas of the network where such a response 
would yield network benefits.

The performance of more engaged customers during the trials indicates the potential 
for improving the average response seen during the trial
Analysis of the outputs from the trial ranked the responsiveness of trial participants. This showed that the response 
provided by the top 25% of responders was three times greater (around 150 W) than the average response of the 
population as a whole. It is possible that future technological changes (such as in-home automation) and increased 
customer awareness lead to the average response improving in future. If the customer response to a dToU high price were 
to improve, then the benefit available (and hence the costs that could be justified in realising those benefits) would increase 
roughly in proportion with the response.

2.13 £m of gross benefits could be realised through mandating suppliers to pass 
through a dToU price signal through DUoS charges to substations in the LPN licence 
area requiring reinforcement, but this is unlikely to be sufficient to justify the 
implementation costs
The cost-benefit analysis presented in this report suggests that across LPN £2.13m of gross benefits (i.e. before considering 
implementation costs) could be realised through deferring reinforcement if dToU price signals were used to reduce 
maximum demand at targeted, constrained substations. A mandate on suppliers to pass through a network benefit-driven 
dToU signal would require significant changes to existing DUoS settlement systems, and would impose costs on suppliers to 
administer the tariff. While the cost of making such changes is uncertain, it is unlikely that the business case for a mandated 
dToU signal is compelling on the basis of network benefits alone once these costs are taken into account. 

High recruitment costs mean that voluntary uptake of dToU tariffs specifically targeted 
at network benefits is unlikely to help DNOs 
While this scenario is hypothetical and unlikely to be implemented, if suppliers were engaged by DNOs to recruit customers 
onto dToU tariffs specifically designed to target network benefits the DNO would need to pay suppliers a recruitment fee 
for consumers to be targeted and signed up to the tariff. Recruitment costs incurred during the trial amounted to £207/
customer (if incentive costs are ignored). For applications of dToU tariffs to defer reinforcement spend, it is likely that NPV of 
such projects would only be positive if the recruitment fee could be reduced to c. £25/customer, although supplier benefits 
associated with the tariff might help offset the costs of a higher recruitment fee, making the proposition more economically 
viable. However, even with an improved consumer response (justifying a higher fee) it is unlikely that suppliers would be 
able to reduce recruitment fees sufficiently for dToU tariffs to deliver benefits to the DNO on a voluntary basis.

Furthermore, the benefit delivered by a voluntary uptake tariff would be very low without also implementing other 
interventions in many cases simply because of the reduced uptake of the tariff (the uptake achieved in the LCL trial was 
24% of the targeted population). The analysis also assumes that ToU customers roll on and off of the tariff as required, to 
meet the targeted specific network need, whereas in reality any recruitment exercise is likely to be more gradual, further 
increasing costs. The analysis also assumes that no ongoing costs are incurred once the need for the dToU tariff has passed 
(e.g. once a scheduled reinforcement project is complete).
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The benefits of applying dToU to managing outages are outweighed by the costs
The benefits available when using a dToU tariff to manage capacity shortfalls during an outage or ahead of a reinforcement 
when firm capacity is already constrained are even lower than those evaluated for deferring reinforcement. The DNO would 
only pay up to approximately £4/customer for these benefits, suggesting that dToU should not be considered further in 
these situations. 

High costs also indicate that the use of dToU tariffs to realise network benefits is also 
likely to be less cost-effective that using I&C Demand Side Response
The component of the recruitment fee relating to ongoing costs of £104/customer is roughly equivalent to £2,080/kW. This 
compares to a cost of around £20-30/kW per annum in availability fees for DSR in most of the case studies presented in the 
cost-benefit analysis accompanying Low Carbon London Report A4 [Ref.8].

It is possible that future developments might mean that the business case for the DNO 
to engage with dynamic ToU initiatives should be revisited
In future, the business case for DNO applications of dynamic ToU tariffs might be revisited, if at least some of the following 
criteria were met:

 � Uptake of dToU tariffs is close to 100%, and these customers are willing to sign up to dToU tariff specifications that meet 
DNO needs;

 � Regulation allows for cross-supplier coordination of DNO ToU price events;

 � In-home automation leads to higher levels of response – this could increase viability with a lower uptake;

 � Other stakeholders (e.g. the SO) are also able to apply ToU price signals through the tariff and customers are receptive to a 
higher number of high price events to accommodate multiple stakeholders; and

 � Suppliers already have dToU-ready billing systems in place such that the incremental costs to suppliers of administering such 
a tariff were negligible.
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AA Annualised Advance HV High Voltage

BSC Balancing Settlement Code I&C Industrial and Commercial

CBA Cost Benefit Analysis IHD In-Home Display

CDCM Common Distribution Charging Methodology LCL Low Carbon London

CHP Combined Heat and Power LHL Low-High-Low

CI Customer Interruptions LPN London Power Network

CM Constraint Management MIP Market Index Price

CML Customer Minutes Lost MPAN Meter Point Administration Number

CPP Critical Peak Pricing NHH Non-Half-Hourly

DG Distributed Generation NPV Net Present Value

DSR Demand Side Response PC Profile Classes

dTOU Dynamic Time of Use PLE Planning Load Estimate

DUoS Distribution Use of System SF Supply Following

EAC Estimated Annual Consumption SME Small and Medium Enterprises

EDCM Extra high voltage Distribution 
Charging Methodology

sTOU Static Time of Use

EHV Extra High Voltage TO Transmission Owners

GSP Grid Supply Point ToU Time of Use

HH Half-Hourly USE Unserved Energy
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Instrumenting  
a Smart Grid Electrification of heat

ANM/network operation Electrification  
of transport

Dynamic Time  
of Use tariff Energy efficiency

Demand Side  
Response – demand

Demand Side  
Response – generation

Smart meter Network planning

Distributed Generation
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Project Overview
Low Carbon London, UK Power Networks’ pioneering learning programme funded by Ofgem’s Low Carbon Networks Fund, has 
used London as a test bed to develop a smarter electricity network that can manage the demands of a low carbon economy 
and deliver reliable, sustainable electricity to businesses, residents and communities. 

The trials undertaken as part of LCL comprise a set of separate but inter-related activities, approaches and experiments. They 
have explored how best to deliver and manage a sustainable, cost-effective electricity network as we move towards a low 
carbon future. The project established a learning laboratory, based at Imperial College London, to analyse the data from the 
trials which has informed a comprehensive portfolio of learning reports that integrate LCL’s findings. 

The structure of these learning reports is shown below:

A1 Residential Demand Side Response for outage management and as an alternative  
to network reinforcement 

A2 Residential consumer attitudes to time varying pricing
A3 Residential consumer responsiveness to time varying pricing
A4 Industrial and Commercial Demand Side Response for outage management  

and as an alternative to network reinforcement
A5 Conflicts and synergies of Demand Side Response
A6 Network impacts of supply-following Demand Side Response report
A7 Distributed Generation and Demand Side Response services for smart Distribution Networks
A8 Distributed Generation addressing security of supply and network reinforcement requirements
A9 Facilitating Distribution Generation connections
A10 Smart appliances for residential demand response

Distributed 
Generation and 

Demand Side 
Response

Network Planning  
and Operation

C1 Use of smart meter information for network planning and operation
C2 Impact of energy efficient appliances on network utilisation
C3 DNO Learning Report on Network impacts of energy efficiency at scale
C4 Network state estimation and optimal sensor placement
C5 Accessibility and validity of smart meter data

Electrification of  
Heat and Transport

B1 Impact and opportunities for wide-scale Electric Vehicle deployment
B2 Impact of Electric Vehicles and Heat Pump loads on network demand profiles
B3 Impact of Low Voltage - connected low carbon technologies on Power Quality
B4 Impact of Low Voltage - connected low carbon technologies on network utilisation
B5 Opportunities for smart optimisation of new heat and transport loads
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